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PREFACE TO„FrK$T EDITION* 

fN the present volume, dealing with the ("hernial Tech- 
nology of the Textile Fibres (exdtept as concerns thtfMye- 
which will be treated in a separate Work l ), the author 
has be^n oblige^ to condense the available matter as imjpli 
as 'possible, in oruer to preserve the form of a textbook. 

nevertheless, it seeyied necessary, in certain cases, in 
the interests of the book, to give definite data and an exact 
description of individual processes. In such instances the 
details have been gathered exclusively either from the 
author s personal experience or from reliable sources. 

The most important part of the Ixxik is the chapter 
treating of dyeing, Whilst, on the other hand, the subject 
of printing had to be dealt with in a more general fashion, 
the materials being loss suitable for treatment in textbook 
style. 

The author thinks it desirable to point out that in the 
present work an attempt has been made to completely 
separate the chemical and mechanical technology of the 
subject, a standpoint he considers justified by thejpx^ensive 
area occupied by each of these branches. Hence only 
a few sketches of apparatus have been given ; and \he 
methods of dressing the finished goods have been described 
very briefly, since they anuost entirely belong ,to the 
domain of mechanical technology. 

^ The author is indebted to Prof. J. Zipser for the whole/ 
of the sketches given, and to Mr. C. Schimke, teacher of 
dyeing at the Royal State Trade* School, BiehU, for much 
assistance in the production of the* book. 

GEO KG VON GKOKGIKVJCS 

f » • , 

1 A Textbook of Dye Chemuhy (The Chemintr, of Dyestuff), published 
by 8cott, Greenwood <fc ,Sou, H Broad wa>, Ludgatc, London, K.C. 4, 1990. 




PRKKAf'K TO SK?;ONl) KD1TION 

In this edition the 1 general arrangement and treatment of 
the subject are on the same lines as m the first, though ^ 
^jgurse^here have been numerous uHerations and additions 
together with the introduction of new matter, all of which, 
ho # wev&\ it is \ ^ned, will improve the usefulness of the 

The principal changes introduced are as follows: — 

In Chapter f the sections relating to artificial silk and 
mercerisation Im'e been enlarged, and particulars of hydro- 
sulphite have been added to the section on bleaching 
agents. 

New fi vtures in Chapter 1 1 are the practice of wide-open 
bleaching and the Maertens process of wool scouring. 

In Chapter 111 the (juestion of loading silk 1ms been 
dealt with more fully. 

In Chapter IV the theory of the dyeing process has 
been entirely re-cast, and new matter introduced including : 
the application of the sulphur dyes, froth dyeing, and 
Green’s table for the identification of dye-stuffs on the 
fibre. The sections on dyeing in the liydroauiphitc vat, 
the selection of dye-stuffs for dyeing and machine dyejng 
have been more or less re-writtm. 

In Chapter V various alterations have been nude, 
especially with regard to discharge printing, brief mention 
being also made of pile dyeing and the intermittent, 
minting machine. 

In addition the whole hook has been revised and 
corrected. 

The author is indebted to Prof. G. Cinch for valuable 
assistance in connection with the subjects of mercerisation, 
selection of dye-stuffs, discharge printing, etc., and m Mr. 
K. Schimke for aid in revising the text. 

GKOJiG VON GEORGIEVICH. 


Tii 
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rmriv.u i 

mi y \nu: n r.m 

*I’HK imnif t<;\t:|e 111 n « s upj^n s lo Mich *ti urtm c * as, in con- 
''»■» | u» •He*** ol l lit-ir Jill s ''fiM I pi opn t e ai<* capable nf Itrmr spun 
and WOlkrifup liijo t> Vile lal)iu- The-r tihlcs |||< Mlppiird 
hvallthflr natmal kingdoms. and a lew *>l them .nr al m pie- 
painl •ut'l^ialh . 

\lthouL r h lit ,ifl\ a iffnusjnil IrMilr him , .1 1 < * known, onl\ 
a low of lli» in air ol jral uilnrM I In -«■ air rolton. wool, and 
‘'ilk, tollowrd !>\ lla\ jiUr, lainir, and lump, in a minoi drun r 

Thr\ ai -• di\ idrd into lom ^loiip^ 

I \ 1 1 iliri.i I Him - 

J M mri al 1 1 1 ) 1 r *» 

• i \ r r r I d)|r hill e- 

I \ nin 1 a I lilm - 
1 Ali I II IM \l. FlI'.lJl s. 

To tfn* t 'i*nrs In-loiiL' spun L'la-^, inrtal tlmad *-la^ wool, attd 
artificial silk. 

9 Spun (ilass. —W In n a da-s lod is heat* if m tin* Haim* ujitil 
pri feet 1 \ soft, it ran 1)4* ill awn out in tin* foi 111 of \ri \ line thicads, 
which arc used to a small • \t< nt in the *piodurtioii of \ei\ 
h.uuUomc silk) lahi irs icrsiNiits, 1 tr >. \s ^1111 el.t*s can also he 
produced horn column) ^las^, tin- same method cm hr applied 
to the pi oductiou of colollH il falnirs. In i olisetjuencc, how r\ vr, 
of the low clasticitN ol th<*s4* piodurts, t hi 11 practical \»!*e K* 7 Ti/. 

For nntn\ rlieiumil pm poses /* 7. as % filleiinj' rnatenal for* 
stion^lv acid lupnds, a cml\ kind of r|as-» wool is pioduced f»v 
drawing out two class rods of different <if hai<l’\ 

1 • • 



'1 • IflK ( HLMK XL TKCHNOMX.Y OF IT.XTILi: FIBHKK^ 

a capillary double tin cad. 0/1 cooling, pu*se cun up in con*}p- 
IJUI'IICU iiittV*i* a iit ^oiflti uction of the two constituent 

threads.* 

Met a lie Threads. 1 ‘iom tunc wnmemoiial fine yolde*i- 
MiH'e, thicads, as well as silver -lilt ami silwr linearis oi copper 
win s, lias*- I »i ••'ii u vtl fcn riecflfatmy patticularh ^nclf fabucs. 
Thiir* the so-called C\piian yold tlnead, so rcilbwncri lor its 
beaut) ami pel mauence m the Mufflle A^es^f. ^now pioflucet^by 
co\ei my flax oi hemp linearis with a yilt skin. • # • 

Slajc Wool. Molten slae is iuii mt?>a pan lilted with a steam 
mjectoi, winch blows the slay intojjhie ami fniiii^s a pioducl® 
which is used to a small • \tont as a packiny ifatmial. 

Pent \ .ii iis ha\e latlnlv been emploud fm^wraxmy cmtaiiis, 
bedco\ el s. » tc. • 

Xylolin. Silvalin, Licella Yarn. I’ndci these s theie 
ha\ e a p] leanil on the m.u ket, in i m nt ‘ \ • ,u s. Vans and co u se 
filhi ies made of wood pulp, and to some extent olcolouied papei 
’These aitieles do not pla\ iin\ piomireiit p.ul in the textile 
llld list | » , hilt 111 OI del to indicate the ill. Millet 111 which such 
matei ials can he coin ei t>*d into Mini, it ma\ he mentioned that 
a weh oi fleece is (mined in the papei -making machine and 
divided into nanow stnps which aie twisted into \atn m tlie wet 
state . 1 

Artificial Silk. Tins pioiluct. which is the most mieiestmy 
ohall the in tilici.il lilacs, will he desenhed alouy w itli # ( Yllulose.* 1 

2 Mim.iui. l'hniii.s. 

• 

To these belong Asbestos This is a decomposition pioduct 
^ of *ci pentine, and fs, chrmicalk speaking, a silicate of may-* 
nesmm and lime, containing in addition non and alumina. It 
is tomid in. Sa\n\. flic P\ i cnees, Corsica, Mount St. (lothard, 
etc . and laiyt # de|H>#ls li.ixc also been discounts! in nmthcin 
I till) and CaiT^du 

AsU'stos tomis lony, white, yhiss\ lilacs, sonic kinds, how- 

— * * 

* 1 Sot*' -Owing t<» the seat city of ordinary textile materials 

inTteriimiiN (lining the wm, man) articles of clothing, hags (including .sand- 
• haw been \vo\rn fiom paper xarus. 
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*' !/• Canadian, are*somew luf cuily. Alom* it is ddhciflf to 
*pli, and i* theiefoie mixed with # a iitth* cot toy, is suh- 

*e<pientl\ ^nt ritl of V lu at m*_r the finished faluic tfl mnui- 
l^c * Asbestos falnies ot this kind an* oeneralh il^edwheii’ 

i*\ j)osui e to lu^h t* iiijhm at uri* ls^uri ss.-u \ . c , /. for packing steam 
uylindeis an4 hot machine p.uts. also a 1 * a Inepioof nuteiial in 
the manulactiR e of liumeioiisjJieatmMl in|uisitcs ( etc Aslwtys 
is ikllicult to d\c . ft»r this purpose the albumen d\cs and suh 
$flmti\ e d\?s an* used. 

d Vn,i^i\M.i 1 ' mills 

rhfsi* a.^si.ppmd III lai^c lllllllhi'is h\ the Vegetable kllio- 
lom. The\ an* fli\]d*d into l hi *■*• chisses (<i) Ve/ halts 
l’liese eompnse eotton, the whole ot the eotton tiee. \*oetable 
silk. etc. f/.) l!^\t tihi^s. Iniiniii^ the cambium hiM'i ot di 
fotxlodonous plants, r a lla\, hemp, jut* . iiiinie. Sunn hemp 
l*tc. (<‘) The /(|M///riC huiidh ^ tlolii h.i\es, stellls, ot loots t >t 
monorot\ ledonous plants, r a New /i aland h* nip, Tite oi \j»a\c 
lihie. Till.mdsia, pineapple lilne. Manila lump, tine ahfe tilue, 
:‘t (*. , etc. Vegetable blues contain cellulose as then lundiimental 
sllhstanee, 111 addition to wlliell tli**\ aie (ol at least some of 
them) moil ol less heiiitl* d Tile l.l I fjel t lie | il opol t ion ot w ood > 
mattei the\ i oiitam. the a'* i tin n huttleness Finulk , the) 
ils(j eontaui in then nils and mteistiees 'O-ealled cnci listing 
m.ilei ials*n thcical oils, nsn.s, stan li. rotoumi" fn.ittei, etc.), 
and asji. 

Cellulose. 1 

\s this substance foims tin* mam const ituent ot all Ne^etilble 
[lines, a knowledge ol itsehemie.il behavioui is of *»ieat pi actual 
importance. The \eoetabh* lihres. e\en when in # a» june state, 

do not behave entnelv alike towaids chemVal lea^ents. 'rims, 

• • 

for example, cotton hasa^ieatel powei of MMstai^’c toMeachill^ 
powder solution than flax. Tin* name Cellulose jnust ^hejefonj 
he consider'd as a fgeneiie teiin appl\4ii^ to se\eiaT Indies 

• 

1 A monograph on ( r)lnl< s* Inis 1 >m ii publish* <1 h\ (‘rosn, P.evu* . 

Boadl**. 
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v<;r\ v Hinului a nature. t ciiuiose 1 ^ a lOlOuiless, inodorous, mma 
tuBteless wi^tance (sp T ( 27 ^o llo), which js ■isolubl#in 

ordinary* sol vents. It belongs to tin* cat holiydi sites, and its pei- 
^yyj^ta^e composition is expiesscd l>y tin* fui inula C lt \[ ]l} () , though 
its tine tomiula is c**rt;uuly a i^Jiltiple of this. * 

Ktaich is the most close! \ allied c u l>oh\diate, srtid mav also 

• T ' 

1»<4 rinded as the p«iri-nt siilistiiiif^* of eellulo^*. Ne\ g theless, 
the fonneily assumed close connection Imtween staich And 
cellulose lias a^am Ijecouie douhttul, since Ski.iup and Koenig 
found that, unlike st.fich, it fin m dies on h\d«nl\Ais not maltose^ 
hut another hiose (c**llohn>sej. Lillie Is definitely known with 
lojjjuid to it^ actual constitution , it is spokeif n( a^i tiiatoinu: 
alcohol, since when heated with acetic .mlifdiide it furnishes 
a timed)! denvatne which, with potash, soda, lead oxide, etc, 
tonus loose sahne compounds w Inch hch.^\c hke^.ih olffilates. 

Pm e cellulose is almost mdi st i uctihle and c: ly onl\ he hioil^ht 
lllto a state of plitletaction III the pieseiiceot nitrogenous bodies. 
When heated it heyms to turn In own at about lot) ; when 
subject M to diy distillation it d* coin] nses into watei, CO,, 
methane, ethane, inethil alcohol, acetic acid, puocatechin. etc. 
Cm theimon*, cellulose is a liy^i nscopic substance which cannot 
easily he brought to constant weight h\ di\iii*» In water it is 
insoluble • uni is unchiiiiL'id e\eii by boiling toi se\eial hotiis , 
liowe\er, at ‘200 0 it doolies in watei, hem^ itselt completely 
decomposed • 

Of greater piactieal impoitance is its behauom towaid^s acids 
anfi alkalis. - 

Hoth these* classes ot lenient jnoduce a elmn^e which is 
^ resided as a hyduhion juocess, it bein'* assumed that h\dro- 
otdUilose (u( , ) ll lll H i -p //1 1,0) is fonned. Whether a new chemi- 
cal compoujul is actually fonned, oi whether — as assumed by 
Dieaper -the 'modilifld properties of the pioduct (for instance, 
its Increased ityinitv for dye-stuffs) is attiihutahle loan increased 
* absorption of water, is outside om pi ounce at piesent. In 
^mictiTe,*uT all events, tjie behaviour ot cellulose towaids alkalis 

•" Monutshcft f. riu'inio,” UHll, 1011. 

manner in winch \ annus nag cuts act upon ccllulesc Ini*? been 
cUNortbefllw li taint meugiji in “ ZotUehnft f. Farbeinmluslrie,” WOT, 2. 



the textile rntiu-x. 

• 

* i \tf er y difieient from what it is fn the oast* of acids. its jtAvci 
ofVt k si stance being m tho loimor ?as^\n\ high^esjugj^llv when 
air is excluded. I’scfl m the^old, stiong alkalis effect • change. 
\fhich is tenued mcrceiisaiion. and will lu* dealt \tith later 
Dilute ileitis pioduee no appreciable e fleet on cellulose. t ItffTi^fT 
it is destroyed In stinng aculs. Tins tin* cause of the lotting 
of acidified latinos made ot vegetable film s, and forms thcjiasia 
of the picxiess of c&ihouisiug wool t</ i i, in which the vegetable 
HdnnxtuteS m tin* matenal me iiansfomlt d. h\ tin* action til 
acids at a ln^h t^mpciaftue, into a \ci\«fi table condition and 
can then he« ieadtl> elmm^ted lioiu the wool In mechanical 
means. • 

(Vllulose dissolves, with decomposition. m a nuxtuic of 1 pait 
ot sulplfl.il ic acid and about !l of w it » *i , e\ cii at oidmai v tcinpciu 
luie. It i#'lhllose, 111 the loim ot | i< 1 | it 1 1 , he subjected to a shoit 
tieatment with vcr\ stR>ng sulphimo acid, the oil walls of the 
paper film's undeigo a supeilicial fusion, wheieln the papei 
acquit es the same external appeal .nice as animal paichment. 
'fills p.ipei is tlicietoie known as vegetable pai clmient ,#uid can 
he Used foi the sail)*’ pm poses as ti.n* paichiuriit 

Wheieas celllllo-e Is left umtailied h\ Iodine, this leap'll! till IIS 
Vegetable paiclllimlil lillie, like In dineelllllosc III gMirial. 

Oigame acids, like oxalic acid, taitain* acid, ntii^* and, net 
upon cellulose m the same wav a^ uniieial acids, when tin* 
cellulose^ ' 7. cotton, is impn gnati d w it li the dissjjv < d acid fcnd 
exposed to a high tcinpeiatuie acetic acul, heme volatile d h\ 
heat, fuis no action. r fhe know l< dee of t his hehav mm ol cellulose 
is iinpoitant, moie pai ticukn l\ in the calico -ju mt me mdustiv 
Zinc chlonde acts on c» llulnse like a*mmeial acid. # T 1 hv 
hchaMoiir of cellulose towaids nitnc acid is mipnitaut. When 
hoilcd with mil ic acid ol about <10 pci cent* sto ngth, cellul(!se is 
conveited into owcellulose This oxidation pKubfet has a much 
greater affinity than Cellulose foi basic d\e-stulfs« and is al*» of 
technical impol tance masimich .»s it is aim foitm*d hy the action 1 
of other oxidising agents on cellulose — foi instance, vfhPii bleach* 
ing jKiwiler is carelessly used in bleaching cotton. 

When concentiated nitric acid is allowed to act on c«*l|ulo8C,^ 
especially in picsencc.of concen tinted sulphuric acid, uitifjgynouft 



f> • 'fm: chi'micu, 1 1 < if\nLO(iv or ikxtilk rnmi :4 
l>oMiH are formal which an* regarded • jm nitrates of hy< 


celluIosX^Jf’his icaction^whlch is nowadays of hi*^ technical 
importinee, was discovered hy Schonhenf in 1S47. An ori"ina 


fm: rfU MirUi im iixolociy or ikxtilk rnmi:< 

• / * 4 

!>- 
al 
filial 

conception of the natuieof these substances was advanced soifie 
w^years a"0 hy Zaeh.mus 1 * * 4 w^io re^auls the mtrocel lu loses as 
adsorption compounds because, dm in" tile mtiation of cellulose, ^ 
a^ccyit muons scries of liodies is formed, the whoft* liehjviour of 
which exhibits nothin" hut changes. r • 

It the lot inula (( '*11 lM ( ),), he taken as the basis, tfe* products 
aie tetra- mho- to Xodecamtio-cclluff>ses.-’ # Stran"ely enough, 
the highest stu"e of mtiation is availed hy using a nitrating 
mixtuie containm" water." • 

Such ot these eompounds as appioximate totoctonitio-cellulose 
dissolve, in a mixture of alcohol and ether, to a viscous liquid, 
which has Ion" been employed in medicine as 'toollodion." 
and winch also pla\s an impoitant part, nowadays, in the 
textile industiN, m the manufactiiie of aitilicial silk Other 
celluloses, howe\ei,ol both hi"hei and lower stages of mtiation, 
aie soluble in ethei -alcohol . hut thc\ lequire to he suitably 
cooled, the* pmcess of solution heme ] acceded h\ swell ill" lip 
and disengagement ot In at 

\ll the till loeelluloses aie explosive, and their discov eici , 
Kchonhcii^ pioposed to employ tin* moic highly mtiated pioducts 
(to which lu* gave tin* name of gun-cotton ) as a substitute for gun- 
ptladci. Thyse substances w Inch decompose cxplosieelv when 
heated, watt 1 !*, nitio^en. caihon monoxide, and caihon dioxide 
being tornied an*, Inwevei, too disuiptive for this put) Ose . hut 
of late \eats they have louiid extensive emplounent in the 
x production ol smokeless |M)wdns ami explosives. 1 

A material known as . dlui'ni ispiepaied horn the lowei mtio 
products hv dissolving them in molten camphor and piessing 
the mass wilder warm* This substance has a hom\ appeaiance, 
and is clmi at<ei ised h\ baldness, clasticitv, tiansparencv, and 

t 

1 “ ^*'it^v^)ri(t fr. Fiitl»t'nunlustru‘, M II..' M. 

J Ot»t, “ Zeitsehrift uiiKewumlte Clieinie,” U'.H; (Jrcon. “ /ot.-chrift 

b , arU*nmdustrii , ( ” l'.HU, .'Wk 

y ji*nge tint! Uchio, /.eit sell rift uugev\ Amite (.'heinie," l'JOl, 4st and srq. 

4 JytoJKinl snircli have also been unrated for the same purpose. 
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by the fact ih.it w hen^mcieh dipped in hoilme **tci 
sullicuMit elasticity to # et^\ble it to U* d into 

any shape under nuflci.it** pfessine. in consc*|Uenet*of them* 
finable projieilies. c-dlulmd is now iai^els used >» the pin- 
diiction nf a lar^e numbei damnation .uncles, e ./ isois^oi* 
toiseshell. ctial, coll.iis. etc * • 

A nuyilnT ftf le^iett llile accidents ll.l\e ocelli led in the ^oik- 
ill* u|) (*f celluloid \lthoueh this sij! ist ,t i ' <*» * cannot lu* t riiicd 
Hiivctl\ exfilosise since it cannot lie rxjftoded h\ shock the 
dust ^lSeii oil diyme th?* woikm^ opma#mns will explode on 
contact with a dame an4 this has l>* en tin* oii»»ii» nt the 
accidents i^ientiofl d. 

Nitmcellulosi s*a i e lUo used in the {(induction oi pegamoid, 
which is a \ e 1 \ Inn* siihstitute toi leatln i and is nude h\ te- 
puitcdls foaling cotton lahiu* with an alci holic dilution of 
nitioivllulese imx* d w?h nil and a nuneial pigment 

The resist me* nt eclhilnsi- to alkalis, esj« ciall\ in tin* 
ahsence of air. has aliuuls been mciitiomd and this eiicuni- 
st nice lias in he home in mind in 1 »l« .o lime \smk* where 
\t*eet ihle t lines air hoilui with alk.ilim li«(Uids Ti« at iic-nt with 
strong alkali in tin* cold ) n od wees 1 1 e i tlu*t know n as ineicei is i- 
tuin . and if such a eelhilnsi hr tuaie.l with eai hon disulphide 
\apnur. a mass (a xantho_;enat* i uipable <•! imiiiemus mdiMiial 
applications is t iht .i mi'll, \ceoidm^ to its consist ncs the pro- 
duct n MM he list'd as an .idle si\r. h adiin: <*i finishyi*' meiedi#nt , 
and it ma\ also hr cut m moulds and dued. the icsultin^ 
tiansjiarcn 1 hoi ns mas> hrine cut ,rnd polished Tie* hiiih- 

" Uscos * * Was applied to this pmduct h\ Its dlscnvein s, ( t oss, 
Jiexan, and lleadle ( l^d'Ji 

Hefeirnce mas also be nude to \ i^niMi and ( 11^ II. 1 s en- 
dea\om to amtdisr the admits ot cellulose (01 basic d\c-s?ulls t 
hs tieatment with ammonia and calcium fliloi idr'al 100 (\ It 
is. hossever. sers doubtful \x 1 1 » * t h * • 1 any ameiisatiou oUtle* 
cellulose can leal Is In* ellccti d m this ssas , arePtlu* piocess has • 
not attained any technical imjmrtaDcc 

Another punt woith knowing is the .i\ our of cdlulofll 1 
towards ammomacal coppei oxide tSciiwet/er’s reagent ), in wfiich 
it dissolves esen m the cold to a \i*-cous solution, fi/jjn wTnch 
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a ctUulose pm tl) chunked into fi\di ocel Injure can hi* precipitate^, 
in tin* fi Vnu t oolouiless fl^k(#>, b^ acids. ^ l 

Amoity' otlfer 1 dictions o! < ** * 1 1 ifl c^s* ? nia^be men turned that it 
is stained him; (through tin* foi mation of hxdiocellwlose) hy 
sulphuric acid ami iodine, # and violet h\ /me chloiide and 
iodine. It "i\es no coloration with aniline sulpha^*, in contra- 
distinction to lieiiin, winch is turned \elluw. • # 

*Koi the piepaiution ol pure cellulose fi#l^ ci tide vegetable 
tihies, and also for tlu#<iu.inlitati\e detei mination of thrir celftilo*, 
content, use is made <4! the method ol Mu^o NCillef, consisting in^ 
treat 1 ue the matenal in ipiestion ^lth hionnne wjitei ami am- 
monia altei natek . TheCl tide lilac, alter hem^thniled With water, 
is placed in a stoppeii d hottle with water, ai^d is agitated with 
hromme water until the Inpnd ac<pmes a peimanenl \ el low 
tm^e The bottle is then closed, and is lell to standout se\eial 
horn s, the lihie heme altei waids taken (flit, was*ned, hoiled with 
dilute ammonia, and washed ii^iilli. Tills combined tieitment 
with hiomme w.itei and ammonia, when repeated 1--J times, 
I’m nishijjs a snow-wlnte and almost peiteetK pme cellulose. 

Artificial Silk. 

Count ( h.udonm t was the lust to succeed in pioduem^ horn 
collodion thicads suitable loi use as textile tihies, although 
Tudemar, m 1 Soo, and Swan, m 1 SS.'I, tiled patents toi a pio- 
cc% of this kind, wheieas Ch.iidnnnct's patents Weie 044I \ taken 
out m lSN“) The pioce-s was mipiosed mole paitaulaih h\ 

I je^nei . 

1 'h'jhi > <1! i‘>n . Cotton that has been purified h\ hoilme m 
J\e is mtiated m a nuxt me of mine and siilphuiie acids in an 
oarthenwan* \(*ssel. The lesultme mtiocellulosc is diamed in 
a wki/./.ci, washed ny t i I 11 contains onl\ about 10 pel cent, ol 
and, and ItaSixpoited jn small titick^ nmnme on wooden mils 
to (JiNine sio\j>s> --which should he at least lo \(K awa\ fiom 
the laetoix when* it is "picad on lacks and pailialh dned m 
an aniknoiUiic.il atmosphere at d() C., «jicatcaic heme m cessan 
an account of tin* lisk of* 1 explosion. 

fortunately, complete di vine 1-, neithei essential nor desirable, 
ThoThowt mtiocellulosc piescntme the advantage that it sets as 

r • * , C 
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s^ias it issues from th^spimune ifppaiutus. and pi od tiers a mflie 
soli! thivm^durin^ tin* after lieatiften^, mi I hat partiq^lx ui^ is 
regarded us Mitlioienl. • This sAni-diied pioduct is placed in an 
irtfh pun ami sent hack, on tin* same trucks, to the when* 

it is conveitrd, In means of a imxtine of about 10 parts alrffiol 
^to 70 of ethet, into a OV‘20 pei cent sortition. 'Flu* latter, aftei 
being purified fl\ hmi^ it ilmwgh a cotton liltei In completed 
air, is fed In the sJlue means into the spuming appaiatus, the 
o^ftef feat tm* of which is a numhei ot hon/Ontal lubes pan uled 
v\ it h lateial e;upill*i\ no/^les ihiough winch t In* collodion is 
foiced, m the.loimol slendif (ilanients, mn» watei, when* it is 
immediatcl\^solidi!%*d These tlucads aie seized In tongs and 
passed in pinups Ulloinjh il fnlleelni 1 1 > a leel ,lho\ e the ap- 
paiatus. # 'The thieads aie put thiowgh luitlni tie.itmeiit similai 
to that ot Kill silk, being diled, sol ted, bleached, illised. twisted, 
and 1 reled into funks iff definite length The next stage is to 
lemon* the dangel of the thieads exploding Mlin 1 otlieiwise 
the\ could not he Used as textile \ains and foi t Ins pin pose 
the\ an* demtiated a highl\ i mpoi taut and delicate op^iation 
In this connection als< ». ( ‘hai doiniet was the tiist to point out 
the light method In ii-iin* sulphides, ind the technical mi- 
pOl f i tic* ot aitltiel.il silk dates Inmi tills dlscoNel \ (lS'.MI) The 
best demtiatmg agent is sodium h\di o uilphid*\ the ^oimionia 
salt l»»*m*' too deal and the him salt milling the hhie ton land. 
I’a\ oui abl* l esiilt s ha\e also been obtain* d uiUi Kichtef^s 
patented pmu-ss, m which cupm * liloi uh* is us< d \V h«*n the 
collodion thiea'ls an* 1 1 » i!*d tm some tune in a liikrwaftn 


solution of tin- kind th»-\ lose about 


foil 1 1 hs of then 


mt logen, and eoimeipient l\ tie u i*\plosi\e ehaiact i The\jue 
then washed m shglitk acid wat-i. ami din. I 

To Km on tin* manuf letm •• of aititieml 1 k in the nibs! 
economical manm i. th** endeawan is ma*le # on th# one liand, to 
rccovei tie* aleohol-ethci sol\t nt as <ninplet<k a* possible. 4>\ 
condensing it in the watei tiotighs underneath tin* spinning 
frames, and, on tie* oth»*i. to legem-rate the spent *f*id*fi on i 
tin* nitration piocess. 

Th* loss m weight laUmt h) pei cent.! sustained b^ tfic 
in tifiei.il silk in denitration can ty* ma*le good hv imp) 
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it* with various -aihstances, such as ammonium phosphate# Ais 
trKitrn\^ilmi lo\i«»rm»j iis iTiflammalulity. # • 

Latt/ti i\ , attempts have been Inade to* improve the spinning 
<jiiiihtu“#ol the collodion solution bv lowrim^ its viscosity. # 

technical success attained h\ Chaidonuct silk led to the 

# • 

ini i oduetion ol a si*ries*of moie or less similar jjtocesses, most^r 
of ^ hieh, howevei such as those of \ivier, Lflinei , # ( 'aidaiet, 
MilUr, Lau^li.uis, etc made only tempon^fv headwav . if at all. 

According to Nifu-i.a mixtuie of tiimtro-celluldse, fish j^lAo, 
and •pittapeieha i# dissolved m glacial acetic •acid . tin* com- 
|h wit khi ol tin* solidifviu^ Injunl #s kept secret • 'Hie linished 
product lias a lu illiaut liistie, and is said to eo^t nnly^ibout Is. tkl. 
per cwt Lelmer dissolves pimlied silk w ante in concentrated 
acetic and, and mixes theicwith a solution of nitrocellulose in 
wood spun and ether; turpentine and ehloioform*aie Used as 
the coa^ulatuiLl Iwpnd. 

CudaieL mti.ites pm ilcd C“l I ulose, bleaches it with alu- 
minium h\ pnchlni ite. and dissolves it in acetone, etliei , alcohol, 
toluol,* glacial ncei ic ,ieid, and castor oil, the lesiiltm*' mass 
heme hioken down and woiked bv hot cslmdeis to make it 
plastic, and tn i at< d at the same tune w it h a solution ol oelatme, 
alhunn , n, 01 nthei pioieid substance, in glacial acetic acid. 'The 
plastic sjk-hke mass is picssed into the spinning appaiatus, 
and is linallv heated with lannm to iinpait elastieitv. The 
cftst puce l«fcs,nd to he about ‘Js (id. jiei cwt. • 

Lanehans does not usr nitiocellulose at all, hut claims rather 
ttait cellulose can he so modified !)V lepeated lieatment With 
siilpliuiic acid ol \ar\me strength that it can he used to i the 
production ol silk-ltkc thieads. 

Adam Millai makes artificial silk Irom u r olatme solutions, the 

filaments heine ien<teied uisoluhle hv treatment with hichmmate. 

• • 

Accor tilin' to ft patent taken out b\ Heinstein, formaldehyde is 
us^al for t Ins *0111 pose. Thcpiodiict known as Vaiidm a silk does 
not appear to nave come on the market at all 

Sjff'cifff’n lent ion should In* made of the following* (1) l*auly 
'silk ; (*J) Viscose silk ; til) Acetate silk. 

P«uly Silk (iVlIulose silk, Klherfeld or Oheihruch artificial 

silty 
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\Wllulose is soluble m*l>oth ammomacal cop|>er oxide ajid Mic 
?hllride, aiyl solution*, of tins kfiul r -which aie IJS like 
collodion cm he ma<fe into mils threads m tin* satin* way 

IsMesei ihed for (haidonnet silk, /.me i hlonde. w lnc!i*w as pm- 
posed by Dreapei and Tompkins, lias not hern found suitahff 
iihou^h the pi^cess, which •'ives a product similar to mohair has 
not been ^ihamftn^l - hut, on die othei hand, the emploxmcitt 
immoniacal coppei%\ide has met with im-at technical mho^s 
"H ie proces?, which was first pmposed f>\ IVspeissis was 
patented in IStiT l»>Freine?N . I ’i ban and lh*nnei. The tlm ads 
ivi (* solidilied Hi dilute sulphide acid 

The di aw hack of* the pioeess is tliat it will not luinish such 
fine counts as the b’haidnnnrt piocess. hut it is also cle.n tliat 
a method in which the tiansfoi mation nf n lluluse into the 
dilutions fitio com|K)imd Is entilelx dispensed with, and their 
is HO need to Use e\]M*l)s|\ r solvents ( rt hel - a leoliol ), plesents 
ere.it advantages o\ei the ( haidonnet pioeess r I he ditheult \ to 
he overeome resnles in the low soluhihlx of eellulose in am 
moniacal eoppei oxide. I his. howrxri, nn he ineie.it'id hi 
\ ai ions wax s, such as hv vvoikmn at the lowest pi act u aide 
tempei^alui e, 01 h\ foi mine the ami iioni.o al coppn oxide at the 
same time that the relink^.- Is dissolved, tin- I '‘Ihllose and eoppei 
tuinmes heme Sllffllsrd With ailMnunia and exposed ty the an. 
\nother was is h\ trmpoianlx iih-ici imn^ the fllulose 
Moieovei jr.t is stated that lellulose dissolves hett«v m an aifi 
mom. teal solution of eoppt 1 ( ai honale than in themdmaiv sol- 
vent. # The hest method of pioduem^ a cellulose silk woifld 
appeal to he hv coin* llmee. llulose into lixdiocellulosc. I IV 1 1 cat 
me it vv ith commeieial sulplim le arid, and d)-si»l\ in;' the pioduet 
in oaiistie sod.i. 

Viscose Silk. 'Fills pioduet is maniifa-tmed accoidin^ to 
the Steam process (( iei . Pat I OS.) II OS)d»v havin'.' solutions 
of viscose through eapilhnx orifices, and mliddx ir»n t lie iesi.1t- 
ino threads m sal ammoniac solution d he pioduet o rpines 
steaming in ordei to decompose the xajif hoj»i nate e '..ipJetelx , 
Viscose silks are the cheap* st of all artificial silks ^ 

Acetate Silks. -Manx attempts h:i\«* been made, and esj iro 
ally in the works of Count I lenckfl-Donnei isnimck at Svlnw.sau, 
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ne*r Stettin (where the Steafn artificiaJ silk process was ejafo- 
ratod, IGOt onwa^i),*to obtain a suitable ^nateriaf for 

artificial silk manufacture by aceA'lising cellulose. Tin se acetate 
silks an^claimed to bo of excellent quality. Unlike Uhardonffiet 
si1S f they do not swell on* contact with water, and are therefore 
stronger and able to •resist ftie action of wat<#r completely.^- 
Th^y are also claimed to be the best insulating material for 
electrical conductors. 

As rcgatds properties, the ailiticial silks lmvea bAutifuf glo»S/ 
nitrocellulose silks •being more higlflv lustfou* than ieal silk. 
On the other hand, the tensile sfrength is low, .that of nitro- 
cellulose silk being only alwnit half that #f real sdk. Their 
ductility being also low, they cannot be used as warp in weav- 
ing fabnes, since they could not stand the tension in*the loom. 
Fui tliei rnoie, in the \set condition pai ticulai ly , i*tilicial silk 
is very fnablc Pauly silk, though stionge? than Chardon- 
net silk, is still too weak to be woven into gat incuts, and it 
follows, thei elore, that the sphere of application of the aitilieial 
silks ity limited, though theii uses aie manifold, including tiim- 
mings (low counts also loi l.ice-makmgl, cm tains, uphnlsteiv 
and cravat lahiics, lor deemahve tinea Ism woollens, etc. * Thick 
threads or ribbon, made by uniting seveial aitilieial silk lilaments 
together^are Used to ic place hoiseliair in making liealds, as 
trimming for ladies’ bats, for wigs, and as aitilieial plaiting 
straw. Portliest* pm poses the stillness of aitilieial oik makes 
it vei y suitable, and it lias the additional advantage o! being 
iiwi'ii easy to clean from dust than it‘iil silk. 

Behaviour in Dyeing. -Chaidonnet silk should he dyed m 
a ]ukewarm bath (not over o() (’>, and it is not advisable 
to exceed o() ('. with Pauly silk. The fonuer silk lias a 
hi£h allinitv for basic dye-stufVs, and can be dyed direct with 
these, though 1 the dyeings will be nehei and much faster il a 
previous treatment with taumn be given, as in the case of cotton. 
Uonveisely, Pauly silk has the greater aflimtv for saline dyes. 

Artitifc*J silks should be dved bv immeision for \ - 1 boui in a 
'■'large quantity of dye liquor, then well stretched and dried. In 
wing cases, r.»/. dye salts and sulphur dyes, an addition of 
Mtyiopol soap p/.r.) is beiietieipl, as it softens the material. 
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\»cose silk Miaves Idee l J aul> 4lk in dyeing: hut tin* ucoMe 
silkAwill no4dye well unless aleoh<H acetone l>e n> the 

bath. 

fommeicial aitificial silks an* i\so to three times then \ ier. 
length for length, than real sj|R. Tin* onl\ loading praYii*?*d 
ya in blacli d\*ing, the weight hfing infle.isrd aixmt 10 50 jmr 
cent . , nmj tin* frnsile strength also nnpnwed. # 

The nitron llulose*silks gi\e the diphm\ lamine leaetion .m<f 
aft stained fflui* by iodine , but Paul) silk atrd the ei-llulnse Nilks 
(Jo not gi\» j thuM* yartioii%. In nspeet obhehaMom inwards 
strong leagrnis, such as :u ifK /me ehlotidi\ alkalis, etc.. tin* 
artificial silks an- f> 1 \ much alike, though in ail ea^ s Paul) 
silk ha-» a givatei nv*istance than the iiiiihu llulose silks. Fndei 
the lnioidseope tin- ainlin.il nlks rxlnhr the following ditlei- 
eiicVs ( hafdomu t silk is ot iiie^wlai nusi srelion, and there- 
fore the libies show’ longffudm.il si nations like Tuss.ih silk, etc , 
which is not th- ease with P.iulx silk Accoidmg to Sihein, 
the cross srclion of nn-osi- silk is elui aetei islieallv shaip edged. 

The ai liliei d silks ditfei fmm leal silk b\ thm ^i eat« i t thick- 
ness, doulile ie lactum and imoluhilil \ in siiong alkalis, am 
mon acal nickel o\id-‘, and alkaline roppej gUcciate, also, under 
the micioseope. b\ the fact that, unlike Hue silk, the) swell 
when moistened with watei. so as to meieas.- J,-J in width. 
Th * acetate silks, howcsei. as ahead)' inentdiu-d. do not exhibit 
this hlst-h# med propeit). f * 

The h)gio>eopicil) of aitilinal silks is 1 2 per cent. gieatei 
than that of i eal silk. o 

In 1 00M the annual pioduction of aitilinal silks amounted to 
over 3000 tons, m 20 woiks, of which H were in (Inman), ti in 
France, 4 in Switz rland. 3 in Italy, 2 in Kngland, and d in 
Austria- 1 fungai) . 

(L) Skkd Hants Con on* Tiikk. Wool, Via.i:r , * hi.i. Siok. ' 

Cotton. 

Origin and Definition. — The name Cotton indicates the*' 
iown\ substane'* found in the seed capsules of plants of tffe 
species (inssyptum (family Mulnuy<f). It grows out of t|ip w-ed, 
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ab^J is Lheicfoie it seed ban* consisting of a single cell. # r Jne 

iT^yied with ;i \ery*coai se, genetulK yellow, btow|, or 
<lnt\ gj *‘rn "uialf'i wool, whcica# the variable cotton hairs are 
in iifli loogci and lot tin* most p.ut culuinlrss • 

■' oi tli#* purpose ot ctdti\ ,if on onl\ about live species of 
( m .tie iinpoi taut, altlfough about twenty at?* known, 
The\ ill e sli| lilt oi tire-like plants ine.isui llig # to 24 feet ill^ 
height, and tlm\mg in all W.lftll countrii^, th‘*ir "pnngipal 
habitat bring NoitJi Ann iica and India. • • 


(lathering. -As^oon ,is the cntlfii f i u it is fp||\ npe, which 
oeems in \uglist, Septembei, an«^ ( )etohei, the (^apsides bills? 
ojM'ii and th«' eoltou e\ud**s Ibis is 1 1 •* most huouiahlc 
moment fm flu- luivest. and llie capsule^ :iie plucked fmm 
the plant tin* seeds and rotten bring tin n t iken <rtit of the 
capsules I hi* cotton is sepmatid lioni the seeds means of 
so called ginning machines, ol w Inch tl4*rr air tun chief s\ steins 
in use the i oiler gm and the saw gm ThP tonner consists 
ol ml Iris which sri/r and (haw in the cotton lihie, wheieas the 
seeds cannot pass though but ate di i\.si luck. The saw gin 
consists ot saw plates, whuh me mounted on mllris, the teeth 
piojeetmg tlnough a natiow gi id thiough which thr\ dmw the 
cotton tihies, leaving the se. ds to tall to the gmmid on the other 
side. 

The seeds ale Used toi the Iimmlactllle ol cotton seed oil, 
whilst the cotton is piessed and sent to ni.ukct in baj^s 

Historcnl. (otton has been known and used in IViu and 
Ipdta Imm the earliest times, and also seems to have hrt*h culti- 
\ated at a \er\ cm In jx nod in iVisia. Thence itpiobabK found 
its wa\ to l'ig\ pt , whrir it has been known c\ri since about tin* 
lilt It eentuis nr, \t aboul the same time the (iieeks and 
Romans, who pivwpush had known onl\ wool, lagan to weal 
cotton clothes. 

u 

The Ktiropcan cotton mdustiv onl\ began to come mto mi- 

|HHtance at about the end of the eighteenth century, and may 

he consider'd to date trom the scat 1772. when the fiist cotton 

J'ahric was pioduccd in*' Knglaml. At that time the supply of 

cotton was chietlv obtained horn the law ant and Macedonia, hut, 

later’ Ameiica became the chief expot ter; and since the North 
• - * * 
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A\(^ican War. India ;yid Hra/il«ha\e al-o Muv«*^full\ ctyti 
petoji in the^cntton trade. At tin* firyiit inm* tin* J^yund foi 
cotton is principally e#\ eird l# N oiili \menca * I ihIki. ,l\^\pt. 
and Hra/il. The tride is now maml\ crntml m Kurland, 
particular!) in Livcipool, and tlie Kif^lish cotton Had* is or 
largest in* Ku^ope. 'The \ « «u 1\ *unsuurption ot cotton m the 
whole ot Kuiojif is rst imated at about one million tons 

Commercial \iki4eties. Ift onumruv two pnucip.il v.iiicties 
Nfcotttm aonknown. nanick. 1 loin; s» 1 1 »l« *. * the lilues of winch 
are 1 to ‘2 incljes lone. ui%l "shoii staph*, lioin \ to 1 inch. 
The wlntei. clc.mt i . and moy silk) the cotton the hiehd the 
value, hut that con^slm*; of shoit nrpprd lilues is mldim Tie 
best and inAt ln^hk pn/rd ot all is S' \ l ^ l.i i << 1 cotton lioin 
( ii>SslijHI< m 1 !'l) Inliit I!m‘ , the tllirsl ^lad* ot tills b< also know II 

as "lone ( ii^M r la. w Inch at pn sent is main I \ ^mw n in I lot idu. 

Structure. Tin eott .u blue is a sm L >|, . elongated, conical, 
epideiinal e- ll, tin uppm «-\t i «-ii ist \ «>• whu h is » loscd, whilst the 
low'd end, which w.is atticiud to the sen I, is binkrn nil ii 
le^llhuK (Tide, the llllcl Osi ope t lie tilll c (si- ( * | ; |c 1} ajiprais 
as a oi.iniil.u ^ti ip- d bind, inostk tw ish d in the shajx- ot a cm k- 
serew . Tills is nioie pa i ticiilai l\ e\ id« nt w lien the blue has lurn 
moistened with watei Tin- Ii i^h I \ < haiai td istie teatuie ina\ 
nc\ d theb-s- be absent m plac* s 

The libi rs an not ivlmdiu il but llat, though thisV somr- 
tllllrs no 1 thr c.lsr (ill p.nts| m the 1 1 1 14 1 kinds Tilde is 

central c.i\it\ known as tin iminn, which is ediuall) small 
m piojoitinn to thr cell walls t onsnpirnth thr l.ittci a^e 
often \ci\ thick, though m common glades the luinrn is*thiee 
or four tmirs as hioad as tin* cell wall ( leeasionall) tin* lumen 
is absent altuerthei , and the tibir is then known as dead cotton, 
hrm^ the immature and unpdlMik developed bans, these tlvn 
take tin* d\e with far "niitd ditlunlts than thrummal fihics. 
Viewed under tin* microscope it a p) tea is pei frctlv, tianspan -^t, 
Old) the ed#*«, heino \|^||»le 

Kxtdnallv tin* cotton libre is omoundrd b\ a line skin -tin* 
cuticle. Tlie substance from winch tills is burned lira's not he- - 
have exact!) like cellulose, and is considered as a conversion 
product of the latter undei tlie inlluenc" of li^ht him] an. 
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Wb< •leas cellulose ii n^litl) sfduhle m jynrnoniiical copier 
and co^^js^tiated iiil)»hu|ir «i(ui, tin* cuticle takes^a lon^jime 
to diswfjvc m fhis le.ip’iit. < )n*tie;itmetthe fibre with the first 
reagent tinder tin* iniciosro|*\ the phenomenon so highly char- 
iicff-iist ic of cotton is ollseiveif the internal substance, con- 
sistin'.' of cotton, tin 1 1 ^ euiniif\ , swelling up an<[ hufstin^ the 
cuticle in isolated places 'Hie cut id« appeals though hind- 
mo the cellulose as with a cold, fshiUt in #ffer places it li^n^s 



ill loops, l , ’m;il I \ , the cellulose is eomph tel) dissolved, and the 
tni^ments ol tom cgtich* float m the solution (Fie. 2 i 

\s the hast, lihie^ which will he descnhed later, aie devoid 
otVutielo, they do not exhibit this chai aclci istic behaviour when 
treated with ahminniacal ooppei oxide. I'onscipientlv this rene- 
tion sUToii^f a v aluahle ineansof ditVcienuation. It must, howevei , 
M>c mentioned that cutiefe is not invaiiahlv picscut on all cotton, 
rs^K'ciallv aftei stione bleaching, since under these cneum<tancos 
t lu 1 cuttle is niostlv th stiovod. 
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Cliemical Composition. — Hiw cotton consists of tm iouiuI 

figures) S< %() !M ^per cent cellulose 7 to S j It* I* \\ :t t « *1 

(cleaned cotton most I \ a little »»\n ihi cent.i, II I u/odnei 
• , 1 o 1 

Cent. wax. and Kit. Ho to II 7 ]*ei cent. of }m otoplamial lesiduc. 

ami 01 ‘J»|mi cent, ash . tngi :hcr with .i \n\ small n.i 1 1 1 it \ of 

V'olommg in. u* t*i . The sii ,,t .in -<li i»*il « t.ii, n is | 

1 1 

Behaviour of '.Cotton towards Reagents. In tin u,!m . 

— .cotton l>clu\ es ‘-iiml.ii 1 \ to * t Hull' c ♦ xv-nt tint towaids water 

. ^>. * ** 1 

it K 1 cs*n aliMillunt. piulijhU (hie to till gl«at«‘! fineness of 
^Jmsionof pirr!pmfled cellulose It i> h*K\e\ei d* -i t ,lhle t hill 
the changes sustained I »\ (Atmi undi i the action o| \anous 
leiigents should I"* leeuialeK n.\ e-a igal» d 'Die nu leased 
A atV)liit\ oflleahd ntttoii foi lusic il\e -intis ted mm daiits n of 
Willie oiil\ ill so la 1 as i! « ontu ins tile I let till! Millie change Ins 
taken plac*^ IAji e\ani|ih ll a specimen o| t niton has hern 
|»;i rt i.il 1 \ li.tiisfoyncd into o\\» elhdose h\ eaieless t leatineiit 
with bleaching ]»owdei tin*, tan he ihtiitid li\ d\emg it with 
met h\ leiie I il lie. the attacked pmimns coming out d.ukei in 
colour. A simdai le-iiilt is nlii uimi hy st* epmg the spjemn n 
for some time in a w*ak solupon nl alum and then dying with 
uli/iiim. Tin* same * lt« ct . how* \ ei is | h i id iu ed it the cotton 
has heenconoihd le. an arid oi exposed to high tempi latum 
(ahout I o( I ( i foi -m line I ini'* i 

Aceoiding to M Tinlip p.n t .eh s of ox\ cellulose in * olton mas 
he detect* d h\ hoilmg the mateiial with 10 per emt lVhling 
solution foi a *juai tei ol an' horn on t lie watd dial h. A ltd rinsing 
with watei . tic- owcellu’o*'* w ill show up n d. I nlnrlunatrly . t his 
traction, too, i«% not chai aeteiisiie. appealing also when cotton 
has been affected hy diy heat, long stniage in a wet eohditon, 
or hv treatment with acids. In ltd. *\m siini' kinds of law 
cotton, that haw* not hem thiough any tiratinrnt at all, will 
give the same reaction. " 

Tilde is only one leaction that will eii.ihli a difTei entialion to 
ho mad* 1 lieturcn cotton which has sutfeied oonvdwon into nx\- 
cellulose and such as has l>.*on changed hy hratmg' , ‘hr fields, 
namely, that transformation into oxycellulose lowns the affinity 0 
of cotton for dye salts, wheieas the other agents haw* an 
* opposite effect. 

• i 
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MercerJfiinjc Cott&n. 1 

1 n I ■‘•I l, Jolin M etcer found t Wilt cotton uriflciwent a leinaik- 
ahle (dm/fj'r w hi n ti i a ?it« a <l m the cold with stion*' alkalis, s*ul- 
jihm ic aeid # oi /me chloi ide, the Mines conti acting longitudinally, 
Iwcoinm^ inoir ^oinpacF and acipmmt' an mciea^*d atlimtN for 

'l v ;> st " IN - * • « 

Th" slioi ti lling «if tin* tihres cnnstituN d it oieiit drawback to 
the pi or* ss ami pievented its technical utilisation tmlil ;l c.o«fl- 
paiativel\ reo*nl daW, its child me ift the i^ilnn du\s 1 m*i 11*4 for 
tin* pioduetmn ol ciejioii eltrcts in |ahco pi nit , Uciu.ti kahlf 
enough, ncitliei tin* m\cntor noi olhci textile e\pi it*; hit upon 
the eudeiit id*‘,i i»f ohuatm^ the diawhack hy stietchm;' the 
cotton dining the meiceii^m^ pioe ss , and it was noi'imtil half 
a centuiN later (iH'Jo) that a patent was taken out#h\ Thomas 
and IhYxost foi a pioee-s which exemsfd an eiunrnoiis influence 
on the entile cotton mdusti\, thion^h the disco\ei\ that when 
cotton is ineiceiised nndci suihcient tension to pnwent ilic con- 
tractual of the li hi es, the oood ■» .mpilie a mole ol less collSldei- 
ahle eltKsiness ’ Attempts ha\ e heen lil.lde to hehltle tile lliei its 
of Thomas and I’nwost h\ lelnrnce to an oldei | ateut loi the 
same pioccss h\ Lowe, hut it is ipnte ceitam that lhe\ wne the 
first (m tjieii seeund patent 1 to leco^nise the pmductiou of lustre 
on cotton inei censed nndci tension as a new tcchmc.il idled 
' The endi;:i\oms made to piesent the contiactiou ol the cotton 
h\ additions to the meiceiisin^ 1 1< | in 1 . met with no technical 
hrccess , lor e\en though an addition of ^Kcmne, alcohol, and 
olhci agents is 11101c 01 less ellectiu* m this lespect, the lustie 
ol the tilne is tai mfeiioi to that obtained h\ meiceiisin^ 
with alkali alone, meonjimction with stndchm^. loi the same 
rekson (and also p^itL on account of the expense) other agents 
that ha\e heen pioposed. such as sodium sulphide, uxlides, etc., 
hrve pioxed technically woithless Nitticacid alom — and even 
then only in combination with tension oi\es anything like the 
same ^ r U s as alkali 

*» 1 V inonogiuph 011 tins subject luw been published bv tiardner. 

1 \\u explanation of this uiw piesonted b\ .f. Hubner to the International 
t'onxrt.ss of Applied fhcmiatry, 1» rim, l'.HM. 
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T^empeiatuie jNa\s an mijHutani ]»ail m 1 li«- meicei isln^ pin 
cess. IIotTnpior ^ill H°l piojuce tin* etVct at All.Avti^irus the 
ii^luencr of low tem|>ei atuirs is such ill’ll ill H l 4 lujuoi ol 
20 H. stimuli will j^'ive the ^1111’ l esiilt as one of .'10 stick^th 
atordin/liv tenipeialme • 

In cai l \ m^^ul tin* piocess m pi act ice. tin* Incicri vuts 

All 1 htted*with ciffiltn;! devictfi. w hirh cool tin* Inpioi (i >f abofit 
Ih^stiei^th) down to 10-ln (' • 'Pins cooling is incess;u\ to 
counteract tin* lir.it ^eiieialtd in ill** )iii»n ^ itself, and also (im 
tin* case ol law rolTon especial l\ | that pi od need hv tin* chemical 
action of tin* liijnojon tin* nnpimtns m tin* maleiial 

A llnid tfetoi w I licit opn at * s dtiim^ the |*i oc< ss is the < | mil it \ 
ol tln j eel ton itself It lias he* n lound that l.^vptian (Mako) 
cotton andjdie lon*j staple Sea Island cotioi.s Im nish the flossiest 
piodlict, especial 1\ ll tile llhies have been laid paiallel h\ 
combing The rxplanation ol this i-, that, when the cotton is 
plant d nndri tension. mdv tin* Inn^ei 1:1m s an* slietched, the 
othei s men I v siiltri iiij. r nlative tlisplacejncnt I'oi tlii'fieasoii 
hettci leslllu an* oht lined hv liieueiisin^ twists, m which the 
individual lihies an* nioic tnmlv < 1 1 1 1>« « 1* I « •« 1 . than with single 
\;u ns I laid-tw isted vaiiispn nt a icitam dilhcnltv. inasmuch 
as tin* Inpioi di*es n.t pe|n*tllte n^ht tlnou^h them so easilv . 
hut tills i*» nveitoine h\ boiling tin in poll i ahl\ willi an addi- 
tion of till ke\ - led oil ol Textile snap and 1 lieli lliel« f r| islll^ 1 thrill 
without an\ Intel tin dmte di v 

'Pile niatci lal to he Heated HUM lx* well passed heloiehand, in 
Older to obtain a smooth stnlace. and ol coiiise it inusi* not he 
•put thiou^h an\ operation which would t« nd to lou^hon it. 

Illeachin^ is not an advisable pieliiiunai v to meicei isalion. as 
it 1 educes tile lustie, liaidens tin* feel of tin* mateiial. and.the 
loss in weight on meicei isat ion is t lien ^sometjiiit s \ei \ con- 
siderable. Tin* best plan Is to boll the UMtei ml Just, then met 
Cel lse. and tinallv bleach 9 

Aft ei niereei isin^'. the cotton is s<|uee/ed, washed, a^nd soincd. 
Fabrics of mixed wool and cotton must he meicerised at a low^ 
tempeiature (0 C ), nvvino to the low lesistaiice of wook to 
alkalis, and tiiust at once he immeised in a hath of faiilv ftttontf 
sulphuric acid, to noutialise thf* alkali as (jmcklv as possible. 



‘20 THK t'HKMlC \l. Ti:< IlNOL<¥*Y OF TKXfILK riBRKK. 

.• 

If the weir to he i yis. v — » - 

result, ynuTi will he seen later af|ack* wool more power- 
fully tha« stionger I s »* - 

A great deni of uni k has been done, and much has been 
written, w f ith repaid lorflu* mmmri j>f causing out tiff* mercci- 
ising pmws^ Speaking ;il I \ , theie :in* twi^distinct types: 

( 1 j Tension (lining the ruenvii^lng pioc,#-^(usid mow* par- 
ticularly for \;u ns), and (’-)*rension allci meicei i«ng lUppl^l* 
to fabrics) The sjM-ond n qmies a cmiMdei^ble amount ol* 
powei r 1 1 1 1 * * liiiichliit^ em pins nd tt**i . accoi dm^ as the goods 

midei tieatment an* m tie- hum ol sain m t4l.11,- 

Mercerising Yarn. -The machines us *d ,* </. tflose ol Hau- 
boldt, ( 'ohiien, Hahn, K 1 u--.*- .v laud* 1 ue mostl\ automatic, fl 
the hanks heme placed o\ei two lolleis, which n^i be moved 
close I togelhei tor lll.lt pm po->e aild t#i*ll di.Asu ap.nt toi the 
purpose ol piodueing ten^um. 'Tin* st m tchmg^s gi adua I at first, 
heme tm. ills mn cased to tin* limit the libics will stand without 
IllptUlV, because the hlghei the tell^loh the hi Iglltei ill, 1 illstlc. 
Ilistiueth.it highU stietclnd cotton doc*, not gi\e such full 
shades wlieii dsed as that which has bon mciceiiscd under 
lowei tension, but t bis diau back is 11101c tlmi couulei balanced 
by the advantages obtained 

llelnic the maximum tension is applied, it is adstsablc to 
damp the cotton ssttli watei, winch solti*ns it and enables it to 
stietcb better. It is also a good plan to woik the vain lotmd 
in the bath. 

The tieatnumt does not take long. tl/iiiii\iiiiuiu effect ol the 
liquor on the cotton heme attained in a lew minutes. Nex^, 
comes squeezing between mbbei lolleis (mostlv elVected auto- 
nr.ticallv b\ the machine), followed b\ niisii g with a suitabls 
arranged sfuiw me pipe. 

Quite a different method ot applving the tension is that em- 
ployed b\ the firm Klemwerleis Sohnc. who make use of a 
centrifugal whi//.ci mounted on a hori/ontal axis. The yarn is 
, laid on a perforated duun and is subjected by the rentiifugal 
farce, to a constant tension which pi events contraction. The 
meit’crismg liquor, which is admitted axially into the drum, is 
distributed umfoimls through the \ain by the same force. 
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Rinsing and drs'air an* also don^ m tin* machine. winch pie- 
aents tin* Rieut a|lvaijtaee that hieAn^c of (JieAflkn is nn 
possible. 

Mercerising Piece (Igods. ’Flu* duet machines tm tins 
work art* tifose of Das id, Hauholdt.^.le.inmaiie, Simon, ami 
^■others. The l^sual pi act ice is to soak tin* ^ood^m l\e lust •and 
stretch tl?l in aftfc^aids, a cgitum tension, however, hemr pat 
tin* nmtgi ml ilui its passage ^non^li the lupin) rcnrialls 
^full width, in a pudding machine. The ^oods aie next stirtehed 
ill a stentei (which takes oiil\ about J*to l a minute) ami 
washed. The st i eU’hine mas aUn be i lli-cted hs tolling piessuie, 
in a maelem* such .is the liemhaidt, m which the ^oods, 
• moiihtCiUoii a lolle*. .lie imuiri-rd m the meicnism^ hath, the 
cloth uni^llin*' on to a si rood mllei Ism^ on the liist one 
These two methods ut <^ntchmr ditlei mamls in the taet that 
the stentine nutehine .lets pi inei|i.ill\ on the weft threads, 
wheie.is the lli-inhaidt method sto tehes tli»‘ w.up thieads 

The chief adsantare-. of niein-nsme irside in the i nr mimed 
uilmits the cotton anpnies Ini dse-stulfs, and in that the qua I it \ 
of the floods and of th.e dvrmjjs is inipioted. sn that a Imp* pio- 
portion dI the cotton roods nt the pn sent das aie niereei ised, 
e\en though the production nt a ^lns^s sinfaee is not dcsned 
Laneo s test fni distinguishing between nineeiiscA and nn- 
ineieei iseil cotton is to tnat the simple Ini a few minutes, m 
the cold, w ilh the solution nt /me ehloi ide and iodine nsuallv 
lunplosed m ti-stin^ the tilm- Tin* M^ultm^ him* stain ranis 
Washes out 111 the rise nt unliiei m-i C-ed inttoii, hut I* mfue 
•dilhcult to leinose in this was in the <a->r nt meieeiised floods 
It d\ ed lain ic-* are to he t* sted, tins miht timt he deeoioi lsefl . 

Cotton is a s ♦ * i \ lesist.mt niatenal, hut it allowed to temain 
in a dam]) eondition espieiaiis wlnm it contains'dressm^ it 
is liable to attack hs mould luiij/i, sslneli pi miner yellow to dink 
hrossu slams. In the rails staei ot attack, Lltrse stains can 
easily he rot 11<1 of hs i-neieetic ssashme. hut Intel oil this is no 
loii^ei feasible, and h\ that turn* the iahiic or sarli ssiil have, 
become mole or less colluded. The best method of prevention 
is to store the roods m dry, well-ventilated wai ehouseH. • 

The more or less violet stains* found on cotton goods Arft of a 
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diffcrcifl character, lieing du^ to the iro*n tanflate produced by 
the uctioV&f ferruginous water, # etc., or^ th<| tanniif present in 
the Hee<f*^h*ft m imperfectly-cleaned cotton. # 

Initially, it limy he mentioned tln^t the frequently observed 
H]>ontaneo«is ignition of gottou is caused by the respiratory action 
of bacteria. • 

Bombax Cotton Jrom the Cotfon Tree. 

A kind of cotton similar to that of e cotton jdant has, fron^ 
time immemorial, been collected fro^n the frint capsules of plants 
of the Bombax family (allied to the Malrarett') in the countries 
of production, and utilised in various ways. • 

'Hie Ik) ml nice in thrive in all tropical countries, hul*are little • 
known in Kurope. The cotton is found in comn^erce under 
various names, such as vegetable do\yji, ouat<* vegotale, Kdre- 
don vegetal, 1‘attes dc lierre. Bombax cottoiuis soft, lustrous, 
and white to yellow-brown in colour. Being seed liaus, the 
fibres are morphologically similar to tiue cotton, from which, 
however, they differ in tin* absence of the spiral twist, the 
presence of letieulated thickenings of the cell wall, and in the 
inferior thickness of the lattei . consequently, they arc much 
weaker than true cotton and cannot compete w ith it. The fibre 
is chiefly 'used for wadding and as an upholstering material, 
though occasionally it is mixed w ith cotton and spun. Bombax 
cotton may he distinguished from true cotton hy the pale yellow 
tinge imparted hy iodine and sulphmic acid or aniline sulphate, 
which indicates a slight degree of ligmficr.tion. 

Vegetable Silk or Asclepias Cotton. 

TJie seeds of a number of .l/KN7/m > «« > and .Br/e/uodw (mostly 
tropical) am provided with a tuft of long fibres possessing a 
beautiful silky lustre and known as vegetable silk. On account 
of their beautiful appearance many attempts have been made to 
spin these fibres, hut failed hy reason of their brittle character 

and low tensile strength a 

%» 

The fibre is readily distinguished from cotton hy its lignilica- 
tion, and from Bombax cotton hy characteristic thickened strips, 
revealed in the cell wall under The microscope. 
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(-1 H^m Fiiikks ■ Fi.vx, li*n\ # llrMr. \m» LkviV 
Flax. 

Defintyion* and Origin. Flax conshS of the hast fibres 
\from plants of the* LimuiP fa mil \ . TRe species l.mum 
iisiimitiHl) ein^suceially suitable toi Us piodueUon. ^ 

..^The true homo of the flax plant is unknown, hut it Melds 

•% • % % 

especially in northern countues, a ^ood l suitable lor the 

preparation of \h\. •This lAhc leason why i»'iul\ all flav^mwin^ 
countries ^'et their seeds ||()^ | lie Uussi.ui Hilltie plounces. 
Prc/mnit j^n. lit onlei to ohtam a cood lilae the plants must 
# hi! ^atheied heloie l4iey aie upe. the pioper tune hem^ indicated 
by the change in the eolour ot the sets! capsules fiom •jiccii to 
hi own. r rti» hai\est is caned on lioin June to September the 

f % 

whole pi. mts heme pulled out ot the ^loimd. diied on tin* field, 
and liuallv nppled with non lomhsto sepaiate the stalks liom 
the leases, lateial shoots, and seed capsules The hast fibres 
amount to alwmi 70 to 7d pel rent, ol the stalks. These latter 
are now subjected to a pioeess ol letim*:, a kind ol lei mentation, 
the object ot which is to dciomposi* and lendei soluble the 
elutinous and intei cellulai substances, which cause the hast 
fibres to stick together uni to the woody matti‘i of the^stalk 
Tins opciation is the most impoitaut m the entile piepaiation 
ol lla\, intlucnnn", as u does, the final pioduct in the In^li^st 
device. It is peifniincff m \ annus ways watei lettiii", de\y 
letting, mixed letting waim watei M*Umu\ steam letting, i^nd 
^chemical letting In vntn icftiihi the flax stalks, tied in bundles, 
are placed m baskets and lift tor ten to twent\ days m imynnf' 
or stagnant water. At Inst a tmhulent aci<l fei mentation is set- 
up, and is followed h\ a ipii'^cent alkaline fei mentation # fhc 
stalks aie taken out tiom time to tune iii«»dcr«lo see whethei 
they are sufficiently jetted, which m.i\ he ieco»nised h\ tkcir 
fe**line soft and by tin* woods paits si-paratun^ easily liom the 
fibres. When this is accomplished the letting must. l<* stopped 
immediately, ‘•nice, if allowed to continue, t lie fibres would Ihj* 
damaged by over-retting. In dnr n'Uiutf the Max stalks *tu e 

spread out in thin layers on a meadow, and moistened frfiij time 

* • • 
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to time* This takes much logger than water retting. In mired 
rettimi thF Fhsfcpai t of the |erm*ntat is #ai rn*d on in water, 
and the ^coiul completed on the jails'-. * 

These thiee methods ate aUo known as “ nut null retting and 
the water •method Iwm^ the eheapeft is then foie th*^ most in # 
fa\oTn, nolw itlutundmg that it dews not Meld a fen handsome 
[/l*od net, especial I \ when peifoi iinsi in hard *4 ff'rm^nous water. 
Oven-retting is also \ei y liahfc* to occur, and an additionuKlian^’ 
back aiises fiom the intense piilicsepnt smell gjven otl, in con-^ 
seijueiie'e ol which water idLing nji-d alwa\s U* can led on at 
a distance from human habitations 

Natural leltmg heme also gieatly dependent on file weather, 
attempts have I icon nude to supersede it h\ .ntilicial processes, * 
chiel aiming which is the u unn-iruh / icUnnf method yiwntcd by 
Schenk. It is similar to oidmarv wat«r lettm*. hut is earned 
on in tanks wheiem tin- w.itei is wanned up In, steam to about 
.’if) The Opel alum takes fiom two to thiee da\s, alid furnishes 
a product supeiioi both in <pialil\ mel «juanlit\ to th.it obtained 
hy natmal jetting; and is. nimernei, the most i.nional method 
eif proeednie. ( Vc.ision.illx the bundles ,ue subjected to an 
alternating tieatment of steim and hot watei, the piocess heme 
then teimed .strum m hnt-uutn rritniu . 

\mongVhe chemical methods of retting that have been pio- 
posed, that of Ham lias been tumid s.itisfactni \ It consists in 
first treating the tla\ stalks foi an hyui. below 100 (., with 
dilute sulphm ic acid, and then washing out with a weak solu- 
tion of* cat Inmate of soda, the pectic acids pieeipitated Ou the 
foi III of jell\ ) on the lilacs h\ the !iis( tieatment The lilacs* 
ohta’med h\ tins interesting piocess .lie much liner than those 
prepaicd in any other wa\. 

The flax stalks, having been icttcd hv one or othei of tin* fore- 
going mctliods, aic well nnsed and diied . it is, howevei, highlv 
advisable to lii*t pass them tluough mllers, hy which means the 
greater pail of the mueinoiis nmtteis enveloping the fihies aie 
expressed. and tin* subsopient separation of the tilues fiom the 
wooden matter is greatly facilitated. To effect this separation, 
tlie dried stalks are subjected to the following mechanical ojwni- 
tions!— » * 



I. CiushnHjtif /•>'(! f i r.w, w liit'li (|)ii"^is 111 hienkin^ ddw n the 
woody mutter h\ tlfe a majlets oi a stamping Aiifr # 

«2. littuihiwf. The siall^s air pissed L-tween tilt* tilled lollei* 


x 

ml 1 . 


of a Max breaking machiiV. whrirhv the wood\ matter is iJ ! 
furthei ftok'Mi dow n, the yreatn part Jinn^ at the *ame lime 
'ri'inouil. % • 

3 ; Siutiiiui*f. *l#ir object *)f fills 1 1 rat lllcnl IS tllr complete 
*^mo\til ofttln* wood\ mattn , antfr it is effected I »\ beating the 
»verticull\ suspended lla\ j^itli blunt wooden kniMs, Thewmk 
is done either h\ hand oi a machine, thr lihrr snlVnin^ less 
damage m the fonyei east* than m thr lattri 

I Ha* mu, -The scutched tla\ st.dks aic diawn thumb'll a 
• senes of «uccessi\i I\ finer steel remits, whirli srpaiafe an\ fihies 
that still lymain sturk toe.-thn, and diaw them out parallel 
This w oi k is als* dun** b. hand < > i machine 

historical. flux is the oldest of all textile fibres, and lias 
been cult i\ ated in (lima fioin time immemoiiaL Linen wiups, 
some ehaiaelel Jsed b\ extleme fineness, )ia\r heeli dls#n\r|cd 
m lakr-dw rllri s’ habitat iniis, and tin- w raps en\ eloping Ke\ptian 
mummies also consist of flax filar 

Commercial Varieties and Statistics. Hax is put on the 
market m tin* foim of lon^. soft, lustmus lihirs, the coloni r »f the 
best kinds Im hi^ a pair blonde It til*- flax has he»^i roVeird 
with mud whilst retting it will ha\r a "icsish e«Moui..ind is 
pui tieulai In soli (her-ptfid flax is dull and buttle. 

The nmilhel of rhrlnli.il \.ll let Irs III fl.l\ Is \el\ birjje. Tin* 
best kinds air piod ur^d in In land and licljjmm. though a ft*w 
^'Yencli and I)uteh \aneiies ma\ also be included in the first 
class. The beautiful lustrous Italian flax is also In^liL prized, 
hut Russian, Prussian, Silesian, ami \ustnan flax, although Ipng 
in filar and strong, are of infeiior fineness Keyptian flax is 
charaeteiised h\ its extieme length, which avi i aces about fort\ 
inches, w hereas Silesian flax, foi instance, averages onl\ eleven 
inches m length Tin* annual consumption of flax m Km ope is 
estimated at about 3 (MMiilO tons Thcs.» flames. howe\ er, cannot # 
lay claim to an\ dry iee of accuracy , since the prepaiut ior> of 
(lax still remains to a lai^r extent a home industry, and art such 
escapes the attention of the statistician. • 
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Structure. Under the m^ioscupe Tie flax'fibre appears as a 

lOFlJ^, HlV, iianspaient c\ lm<^j leal f °i umfoifh thickness, 
either sngioth nr lon^iludmalh stuatei and 1 !•*« 1\ exhibit^ 
transverse cracks, in man\ places J pirsents nodes and dis- 
placements, which cai^se it to look as iliou^R articulated. 
These nodes, which aie sjiecialK chaiactciistu^of fla\ fibres,^ 
irt’e rendered darker b\ treatment with /injf i€do-chl<ti ide, and 
then become wry clem ly visible. # • * ^ 

The natiual ends of the libns aie^fdiai p pointed and mostly 



athhniuted , the cell walls aie \er\ thick, and the lumen w so 
nayow that it appeals undei the micioseope as mcicls a black 
streak. The cross section ol the lihieis also \ciy ohuractci iMic, 

exhibiting a number ol pol\eonal cells, m the centie ol which 

• • 

tin* lumen apjfius ns a \ellow dot (m consequence of its \ellow 
* protoplasm). 'Phis is seen vci\ clcailx when the tilue is ticated 
wit li /.me iodo-cltloi ide, the traces ol protein in the lumt*n being 
stivued \ellow ish-hmw n, and the cell walls led-vinlet. Some- 
times however, and especially m fibres taken from the 
lowef {wilt of tins stalk (h\pt1cot\l tibirs). tht* cells exhibit a. 



Till*, 'll ■'M i.i mutt 
rounded shu|>e similar ^ those 




the ends afc fuik'fl. ;yi| 
Hessian steppes the hi min 
so that the fibre** appeal! 

CJ ^ • . ... .» . 


hemp. ( KvasionalU . also, 
m some eases r ,/ ^miii the 

|n Is hioad, and mteiiupted places, 
to he di\ ldfd into compai tmeiits. 
Some of rtiem'assuiiie the l^n* ot flat hajids, looking almost like 
Votton, w ill) (X’^isinnal const i let ions to an ap]»ar<*itl\ solid mass. 

Composition. • t|Jhe pimlied flax tilne consists ol almost purf 
*•*1 quite uy h^llllied cellulose, s) licit. like cotton, it IS stanusl 
J)lue h\ iodine and sulphtme acid, and is not linked \elIow h\ 
aniline sulphate. # - ^ # 

In the air-(fr\ crgidition flax contains about to nut 7 per 
cent, of w nf t. and vanous amounts ot cellulose, pectin suh 
■stances, f;*t, wax, ami ash, ditl’ei me aecoidine to the piepaiation 
According to Vision the specific ein\M\ ol llax filue is 1 , r j 
Behaviour Towards Reagents. In this leaped ilix heha\es 

ver\ like cotton, llioii^li, niamk u\nn^ to tin* st i iictine, it takes 
up moidants and d\es less ieadil\ than tin- latlei Mimou'i, 
the impurities ot mule llax cspeciall\ tin* hi own pectiti suh 
stances sue luoie diflleult to iemo\e than in the i ase of cotton, 
and consequently the opeiatmu of hleaelnn^ flax is h.udei than 
with cotton I’lax lihie is nioie siiscept ihle t liau cotton to tlie 
action of hlraehmi' jKjwdei. Wlun tieatid with ammoiiiacal 
CO])pei oxide, it swells lip cnhsidei ahl\ . without ho\v»A » i , Iplile 
passing into solution. 


Hemp. 

• Definition and Occurrence. Hemp consists ol the hast 
cells of the hemp plant (\uni<i A/>. s.//o«/, which, like the flax 
plant, thrives in model ate suhimpic.il climate**. In hot con nines, 
India, for example, u \ irlds a d< leetm- lihie. though, i>n tlw* other 
hand, it pioduees large quantities oj smh, winch an* stinnglv 
run critic and therefore used in the piepaiation ol ylelicacies like 
luislimh. 

Preparation. This is etticted in the same manner as flax, 
though occasionally the hast is snipped off from the plapt 
whilst still fresh, the pioduct in this case being valued on account 
of its length and pm it\ 
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Historical. lake flux, l^inp belongs to the oldest of the 
textile iiltfhV ,0f all European counliy*s itg seems *to have been 
longest cultivated in the south of FnJice. 

Commercial Varieties and Statistics. In commerce a 
distinction is diawn between cleai^and shipped hefnp. The 
small waste fibies obtained in hackling aie cabled tow. Sine/ 
hemp h for the most pail coaisegmd of da>i Colour, And is very 
difficult to bleach, none hi* the \ei\ finest ijualiWes an 1 spyorr 
the gi oat bulk of tb»*aiticlp being ^sed in the # manufacture o£ 
string, coni, rnjie, fmwscis, etr., >r wbicli its •'rent strength 
rendeis it j«n Ocularly suitable. 

The handsomest vaneties of hemp come froifl ltal\, and 
among these Itologna hemp occupies the* 
til st place, belli*' lank whge, lustrous, 
v ei \ lint*, and# tlcxihh* Next to the 
Italian kind conn*'-. ( ireioble hemp. The 
latest (pmntities are, however, obtained 
fiom Kus^ia. whilst othei hemp-pro- 
during countries include Noith \menca, 
Als.iee, the south of Haden. 1‘iussia. and 
\ustna. Mention should also he made 
ot the Alnean giant hemp, which, as its 
name implies, is chaiactciised h\ •'rent 
length, the lilues measimng ujiwaids of 
ten feet Ion*'. 

\hout oOn.Onn tons a \t-ar aie pro- 
duced ill tile whfcle of KlilOpr, one-fifth 
of which «|U:i ntit \ is grown in Hussia. • 
Structure. Kxammrd under the 
nncioscope the libir ot hem]) is \er\ 
similar to flax, exhibiting displacements, longitudinal fissures. 

and transverse ciaets. On the other hand, the lumen is bioad 

• • 

and onl\ contracts to a nanow line near the tij>. moieover, 
the entire fibre is less regular m thickness than flax The 
ends of the fibres arc*highlv chaiacteiistic, being very thick 
willed and blunt (see Fig. i), frequently branching side wax s, 
and •thus affording a ready means of distinguishing this libre 
front Itax when axaiwmcd untler the microscope by a low and 
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high power in successioil i\ smylai ap]*aiatuv is nlxcrvcd 
in the h\pocGt\l fihi|*s o^flax.i , •• •# 

'flie cross section is uUil dilTeieut hom that of flax. ^flc cells 
being mostl\ m dense giuifci*. with mur.drd cm nets, and gmng 
a yellow fti.iigtn when tieiArd with lodyie :m<l siilphtmc acid 
S'Ik* lumen, intend of being Uieul.lt. Is elongated, fl rtpieiltk 
branched, and di-A^J ol cuiitc&ts * 

«*Compos i Won. In addition to c Wlulosr. hemp him- contains 
it not mconsidei able t pr\ntU\ ot wood\ inattei . dith i mg m this 
respect coiisidei ahl\ fl out co.’on and l!.»\ \ccoidmg to \ tgiinn. 
the specihc gi a\ il\ of h.u k !• d hemp is 1 IS 

Behaviour Towards Reagents. Iodine ami sulphunc arid 
stain heii^i til»iegi,*-n todn's \» llnw . the \ai ions st i .it a in the 

cell walls assiiimngdllt'ei enl i olnlil s I nhhr the llhirs p! e\ loll’d \ 

ft 

dcsciihrd In uiji.o statu* 1 , -ligh , l\ \el|ow h\ concent i ated mine 
acid. Tnated \%:th ammoinacil coppei oxide the lihie linns 
hi lie to g | i-en, swells up m bubbles. w it limit . how e\ ei , d issn|\ mg, 
and exhihits delicate longiiiiilm.il sti, alums The same e. Imw 
evei , also sometimes notlccahle in the < ase of flax 

Jute. 

Definition and Occurrence, -.line consists ot the hast iihies 
ofseveial \ .11 let |es ol < h<n i'Iu ■/ // > IhdlgeMolls to India. These 
plants Meld such an emu mons <piaiit it \ ol lilac that land planted 
with jute gi\ es a eiop tiom two to tenfold giealei than is < h 
tamed fi om flax oi hemp 

Preparation. The jute tilne is obtained fmm the plant h\ 
Pold-water icttmg. ami is cleaned h\ scutching and hackling. 
Great caie, howe\ci , is necess.ii \ in can \ mg out the hi st-naihed 
Operation owing to the ease with which Jllte heroines over- 
retted. 

The fibre is prepat < d foi spuming hv steeping it m an emulsion 
of oil and soap previous to hackling 

Historical.-- Jute has long been tin* most important fibre 
produced in India, and has giown in • nportance in Kuiojrean 
commerce since I .St W I, when tin* (duiiean War led to a sea icily 
of Russian hemp. 

Commerce, Statistics, ami Uses. -Jute conns on the 
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riiiukt’t as 21 vrllou to French -^n*v fifnc. The coarser Kinds 
aie worbM* up in tin- pioduction of -e 0 f;ihi i<:s? sacks, pack- 
ing clotji-, and tin* lik**, whilst ! Ii*| } tint i kinds, in which jho 
undesirable pmpcitv nl ^mwm^ tilrkei with a;je is le-s ap- 
parent, nn* «*rn plus #*i I Nir makiu" y it cm lafns, ifinl heavy 
plush, for whwh Ink'll I u st r r* r«*rnl»*i ^ it suitable. .lute i/ 
*lso not 1 1 1 f n •• 1 1 1 * * 1 1 1 1 y « I alor*' with aififtal tibii*- , and it 

al-o serve- i« in i v with hemp, thyuj^h *its 
I *■ 11*^1 1** -ticii^th militate- against it. m 

Structure, In nuvioscupte -tincture jute fibre 
exhibit- a n-itam ■umilaiitv to hemp and flax, 
inasmuch a- tin* cell- in tin* ri n-s -ecfmu an* 
j-ji on | m ' d |*< i!\ 1 and diai'p coi mut'd On the* 
otlmr hand, the longitudinal \ie\v neither 

di-plaCt ni'-Mt mu ,ii i, i|| ona, aid the lumen is 
neailv a- hioad a'* the cell wall*-, or even moie so, 
beside-, heirm -tione|\ con-turled almlcivals a 
special ch.iiactei istn: of j jle hi it **. In conse- 
1 1 llelice of tile llleeuiiir thickenin': ol the cell 
walU. it is ad\i-ihle In foie exammme jute under 
the miciiiscope to 1 1 eat it with alkali m ehioinu; 
.mil, which i-olat« - the individual lilues. 

Composition. I >ilt»*i me horn uthei l».i-t tihies, 
jute mamlv consist- ol a compound ol cellulose 
with h^ninc or other -mill ir hod\. tin* compound 
heme known a- A«M. \r Tin specific e/i\it\ ol 
jute is the same a- that ol hemp. 

Ctieniicul behaviour. .lute ei\es the hennu* 
reaction hv taking ;l yellow stain with iodine and snlphunc .acid, 
whilst aniline sulphat" colour- it daik vellow Win n treated 
with chloi me the puneipal eon-tituent. ha-to-e, is convei ted into 
a compound, which, like cotton eontaimne tannm. is stained 
a luehsine uni Iw alkaline sulphite-. It may In* di-tin^ui.-hed 
from hemp h\ the icd brown stain produced hv concent rated 
nitric. acid, .lute cannot ho bleached with chloride of lime since 
ikeomhines with the chlorine and \iehU an insoluble comjxumd 
with the lime. Couse(|uentl\ , sodium h\ |K>oh I oi ite must he 
used tor bleaching. . % 
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*v .."n* is usiialls dsed m in iriil hath, though alum should !**• 
emplo\ed ou account j*Ml y s\i akenm5 i !l< c; juodc.vj on tin* 
tlhie hs mine! . 1 1 ae <1" v 

To !in]i.u : .i wool like i|i 1 < aiauce !«* jute, the lihi e m in sited 
w it )i stnyij ‘.mli h »■ « a K< '■ 1 1 • »M I* i. th« n washed m w.Un ami 
\|lMst‘(| With ddut" UCi*. 'C acid llle uIm'-n lilt'll dti ill A SelS 
close i rsunld uu^^o sheep s ^\ool, ami lii\«' a at< t admit* 
tor tUr -" 1 ut(s thin oiilm.ii \ jute '• 


Ramie, Rhea. ChAin (irass. Nettle Fibre. 
Definition and Occurrence. I’m a sn\ !"n« timr " 0 K \ , 

soft, ami *x 1 1 iMi n l\ x’li-iiu' 1.1 m* ■>. known x l m 1 » • i tin 1 ahoM- names 
lias »• Ik t !i ^»i ep.u t (l in i l.n.i a i ill I in li.i 1 1 om \ u ii am | ktii s 
o! iirii If. ]»ai I UAi! \\ m.fior' mi ■■ attaching t.» list 1 idu.-s fiom 
II, i ////,. / ,t( >,'(-<./ a* !• I .i 1 1 1 1 s|n fu s \t | a • ‘.i a , t i in i if anil ( Inna 
o| ass a in no loner t n nisid* i < d is I »• 1 1 n* 1 Imt i nrt Ilia ( s 

Preparation. Mthmijh lh* n- an- n mill noils - jit n« s i -1 n i 1 1 1 1 • 
Middlin' 1 1 md-ome hl»i f‘» onl\ « « > 1 1 1 1 ■ 1 1 .t 1 1 \ ■ 1 \ It w an- ill deni. 1 1 M* 
stmes ol man\ nl * h. ■ • • jdan' - li i\ n.u a mis pownlul action on 
lln* skin, and mnsnjiirn: Is nidi in.' linn niani|»ulal mn mis 
ili tin nl: 

U im !•• 1 1 ! > i « s an olii lim 1 1 I >s >» 1 1 pjiii tip* lush 1 m *M i om I In- 
wood. In ( Inna, lie 1 hi -Ids m 1 "Inin of tip plant air 1 1 r ^ ! 
s<*i apnl to nniu\i* tip Ilf., linn l» 1 1 ispimd to till- ^ mi lol 
sr\ rra 1 das s, ,ilin w Inch the h.m! i . thoion^hk dam]nd with the 
moi niiu r dev* and is can-lulls p» • led olt, the lihie- hrmr then 
milled and dind. \s the ha-! will not easik -tup ( \crj»t when 
the stalks ate ipnte tm-h. tie -neees.ful pi « ju i attoii of mime 
entails the rin j>lo\ n lent ot a mi* 1 ii^e nmnhi I of hands in oidei 
to he aide to treat the whop ol the nop aj, oner io om i 

this dill milts . Sansonr piojKr.nl to ‘too the fresh -cut stalks in a 
solution of hi si 1 1 1 ih i ! •■ in huekssoik juts le-fends a ^leat deal 
of tioulde has heni taken, rsjireialls m Fiance and Noith 
Aniei le.a, os » r the const met ion of -mtaha deeoi tie.it in;' ina chines 
lor snipping the hast fi out the stalks m a ipurkei and nine 
rational nianm-r, this toiiume tin* most dilhrult jiait id the 
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vvhule process.* \\ ln'ii mm it* is prey f u**d in tin* form of-sin^* 
isolated 'V-fts, like cotton, instead of jVU ^undies like the other 
bant fihTc-*, it is known as cutlunisetj, ramie, and ran he spun to 
very handsome \urn. In l\uro|H\ r me* is bleached m the sairte 
way as* cotton, and tlieieby ac<pmo> daz/lm*' whitenc***. 

historical. Kamie fibie ha** been piepaied in India ami®' 
< ’Inna fiom time immemoi lal, and has ah- * beoiu lound m 
mummy wraps. In mon recent times lamie cultivation lias 
heen intmduced into I'.ey pt, A 1 us** i s, Spam, ltal\, l'iunc\ etc* 
Commerce and Statistics. ItJf-. .onl\‘ oi late that ramie 
(ilne has attained a emum device nf im|>oi l.inee in Kurope, and 
this would lie still fmlhei inn < as. d wen- the dillieiiltns in the 
wav of Its pi epa I at loll lemo\ed ( 

('Inna alone rxpoits at present alum! .WO 'oils pet annum. 
(’Iimesr ratine, or ( lima N ^.-neialls met \?ith in com- 

meree in the form of slightly yellow oi ^ornish tihn^ up to 
about* inches Ion". It isonlv when the tihie lias been bleached 
tha* it develops IK valuable piopel ties of "lo^, whiteness. ■mft- 
nesK, and -»tieu"th, which would lender this lilac the most 
perfect ol all tlliKc of Vegetable origin. We|e )! not tor « Ml** ercat 
drawback, namely, that the sin face of the tihiv, instead of heine 
smooth, is eoveied with a nmnhei ol tine piujivlui" tihnls. 
These nr ally dimmish the luslirof lamie fahiic*. and are also 
the cause wli\ lamie is not \er\ suitable lor the pioduetion of 
liody linen 

Kamie is used in conjunction wnh other lihres : tor example, 
itiis^ptm alon" with wool, the re-mhuu; yarn hem" used as a 
well iu woollen* warp fain ics. 

Structure. — Uamie fibre clnells dilVeis horn the other vege- 
table lihres m rite }»mit length and hieadth of the hast cells, 
which are up to S inches or moir m length, and on the average 
about twice as Imitd as cotton. The lilac w very irregular 
hfociludmallY; iu the wide parts it is nhhon-like, flat, and also 
exhibits frequent displacements and longitudinal and cross 
fissures. The axial twist noticed in cotton a No occurs here. 

i For some years pust ramie has been cultivated in Somalia by a Kuru 
|voan r egmpanv. the Kauro ibvortuat*»r beinjj •iiiecessfiilly employed. 
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The^umon is hioad, theVnisof the tihios mo thick :\tui loundod, 
hiuI t*xhil>it m linear fum^n Similar to* hat of hcjnp? Jn oioss 
station the colls ai e mostl imh vo i \ lmuo. |pnj; anil 

compressed. # J • 

Composition. Kamie lilac consists almo-e, p(ue cellulose, 
Vvithout sill) li^nitiiMtion. Tin* specific wi\\ is 1 1 to 1 \VJ 

BehaviMjt 'AiMgrds Reni^nts. ^Jodme and sulphura* ami 
imparl # a ny>pei led in pun* him* colni.ition, accmdin^ to tlto 
di*p‘n» of pmilicatiou \mtnonitril eoppei oxide cn,*s a blue 
stain, the lilac swi-miii; uj^^natK at Inland litialK juisMii^ 
entiioh into M'lution^ Aniline "idpliate m\es no colni ilion. 

The mteicelliilnr Mihilanre mniuctm.; tin- lust, cells has \er\ 
Jow jniwo^s nt i i-Hisfa nfo a^ainM km^ iiN a eueumstanee o\ 
plainm-' tin* t'.’iM' with whioh i.iin'e 1 1 1 »i » » van ho hleaohed. 

• « 

Distin^uiirhin^ Tests for the Various Fibres. 

As tna\ i o ■ ea-ik jMth'iid tmm tin- Inn-join^ d< smptiniis, 
then* am two 1 1 mi !• a s ii\ a t la nh* lm ntawnMi,^ ami ilist m Hindi in;/ 
tho various \eeetahlr i i tho noeio-a-opo ami ohoinio.il 

reunions. I n emplo\ inn t ho mu i om ope. it show M ho i oinoinhoi oil 
lh.lt tho ohaiaotoiMio 'hIum! n! a film- am niton larking in 
plan's, ni less ! i » cpiont !\ nhsn\al-h- m -nmo kinds, ai^ instanoo 
ot tills ltd n^ ill** spi> al twin in tin- oa-o nt ( ntlnii. (oiiv^m'iitls , 
tho examination nt a >iii'jlo|tihi o is insiitlirient . and must l*e 
extended to srM jal 1 1n oiiL'hnu: thou oiitm length. Chemical 
reactions, oi i.ithm tho ch.fi.ic'i iMic onloiaiions jji\( n h\ tip* 
ditforont lihi os with moils i ea jent-s an* laijn-U dopondont mi 
tie cnneonliatioh of tho lattoi and on tin* piniiN of I ho lil^io. 
'Hius. for example. a Infills IiIimcIimI cotton 1 i < iton f.nU to 
j. f i\o tho dial ictoiMio lotolion v.-th ammoniaial onppoi oxide 
uwine to tho fart that tin- cuticle m.iv hiA** Im^i nmo\ed in 

deadline. 

It is ndwsuhlo to mo loaoonts of a coii-trtiit kifown strong h. 
The usual solutions an* proparod in tho Jollowin^ inannor: 

Iodine Solution. A 1 poi cont. solution of potassium iodide 
is coinplotdv sutuiatod with iodine; this solution must ho io- 
newed from lime to tune. 
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Sulphuric Acid. Three yurts InwoHime of concentrated sul- 
phuric i^idVnj mixed w ifli I part of f aU*r and 2 pai*» of perfectly 
pure glycerine ; fresh acid mud he aided from time to time. TJJiis 
solution will then he of the right slen^th for § examining fibres. 
When a flax, fibre is tr^atid therewith it does not swfll up, hut 
on the addition of iodine immediately gives a bhie coloration, and^ 
4iot merely a pink or violq}. # • 

Zinc lodochloride. A conrentiatnl aqueous sol^itioi^of zinc 
chloiide is added to a solution of iodine in potassium iodide, flic 
following proportion heme taken J % 

1 pa 1 1 I . -i() pa^s Zn( 1 .. 

o pints K 1 . 11 pai ts 1 1 ,( 

As to which ol these methods more qmckl\ and n-fldilv leads* 
to the desired result, this depends on circumstance* In many 
cases a simple macroseopical cxaminaiAn will sfillice ; hut where 
absolutely rehahle results are desired, tin* microscope is in- 
dispensable. dolour lead ions miht only !>*• employed with care. 
In it few instances the end will he achieved quickest hy a com- 
bination of tuaciOMMjpical examination and the um* of the micro- 
scope : for instance, when it is a question of detecting cotton in 
the warp of a linen fabric. It would take too much tune to look 
at all tin* warp threads under the microscope, and a much quicker 
way is U? select for closer examination such of the threads as 
apfiear to contain cotton. 

In view of the great technical’ and couuneicial importance 
ot distinguishing between flax and cotton, the question may he 
ghne into in more detail. The examination can he performed 
in several ways, tin* first stage of all, however, being to free th^ 
test sample from dressing, by boiling it with water or treating 
it with warm soda solution. Tin* most reliable tests to apply 
are the following : • 

1. A small jiample is soaked in oil and examined hy reflected 
and transmitted light. In the former, the flax fibres appear 
dark, whilst in the latter they an* pale and transparent. On the 
other hand, cotton is pan* hy reflected light and dark by trans- 


1 This is tho formula given m the literature, but tho amount of iodiue 
is roahy much too largo. 



mitUnl li^ht. on account of *he fact^thaj the oil cannot displace 
> the air impritonod in thojurien of tin* fibre. • * * # 

% A mud pit* of tin* fabric is treats! with a warm #«|i icons 
solution of methwlene blue, ml washed. The tin \ tihlvs arc 
stained ditrk blue, those of cotton lijdit Him. Tin* test, which 
^!an also be used^on bleached jjoods, is the most reliable of tin* 
colour react ions. 

d. A dry simple is laid for I to ‘2 minutes in concentrated 
sulphuric acid, i^tid then, washed with water. The cotton dis* 
solves, leaving the tlax tihresVrae! irally intact , so that this test 
forms a <pmntitati\r yicthod of appioximately detei mining the 
proportions ofcotlon ami flax in linen union fuhnes. 

• The dilWrencrs hetween cotton ami flax when Mewed umler 
the microscope may he assumed to be already known, and it 
will be sufficient 4o draw •Mention once a^ain to the character- 
istic appearance of cotton fibre that lias been tieated with am- 
moniacal copper oxide. 

In distinguishing flax fiom hemp, two impoitant ciiferia ntme 
under consideration (I) The li^nnie reaction, hemp heintf, as a 
liquified film*, stained \i I low by aniline sulphate, whereas flax is 
not; (2) the ends of the fihies air jaunted in the case of flax, 
hut thickened and often forked in hemp. As ahead) mentioned 
in describing hemp, a low powei (20 to IiO j should be fWd first. 

.lute is distinguished fiom flax b\ the li^nine leacfion, and 
from hem]) by the mtuc acid Peactioii (jute is stained ird-hmwn, 
hemp a pale yellow). I'ndrf the mint •srope the chief distinctive 
characteristic of jute Consists m its ii regularly thickened cell 
\#alls, which cause the lumen to appear strongly constricted in 
places. 

Finally, as rounds the ditfei entiation of ramie fiom other 
fibres, this presents no difficulty , owm^ to yie jjreat* breadth of 
the ramie fibie. 


4. Animm. Fihicks. 

Silk, Hoe/, limit IIW, Camel I lee/, and litjxsu a Silk, 

Qeneral Properties and Differentiation from Vegetable 
Fibres. — As their name implies, fhe am mid fibres are of animal 
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origin, and consequently do^iot, likff tin? vegetable fibres, consist 
of cellulose, of complex hitro^r^ms l>odies §f the protein 
class. Jn addition, the animal wools contain sulphur. 9 

For the alK)ve reasons tluur Iwhlviour is therefore very ditTer- 
ent in presence of t(j«‘ usual reagents and dye-stfflTs. Thh 
difference is already appaient when tlie\ are *ymplv moistened 
•with water, which they tw. ke uj><lcss ie;idi|^thun tWe vegetable 
fibres, and which causes them to swell up to a smalls extent 
than the latter. The practical consequence of this behaviour is 
self-evident: the animal tihr**s, esj>^iallv sheeji's wool and goats’ 
wool, reijlllie to be more stlonglv VVcUcjj than the vegetable 
lihres in the course of preparation fnrdveing. NAei theless, the 
animal blues are much moie hvgroscopic itian those vegetable 
origin, they take up much more moisture whe^ e\jw>^d to 
damp air. c # 

The two classes of I dues also exhibit vei ^ important differ- 
tMic.es in their behaviour towaids acids and alkalis. 

Tlie animal lihres, wools in particular, arc more lesistant 
than the vegetable lilues towaids acids, a propet t\ on which the 
well-known method of separation, teimed rarhomung (7.'.), is 
based. I)ti the other hand, thev are mmdi moie susceptible 
towards alkalis, and on this peculiaiiiy is based the determinu- 
tiou of tolton and other vegetable lilues in mixed fabrics and 
wool substitutes, (’onseijiientl) , special calc must he adopted 
i'll treating animal lihres with alkMine reagents. 

The carbonates of potash and soij^i should Iw used at tempera- 
tures, not. exceeding 0<) even when in a dilute condition. 
Caustic alkalis, except ammonia, have an injurious action <gi 
animal lihres under all ciicumstanees, though (see uudei silk and 
wool) in some circumstances stronger solutions are less active 
than dilute ones, (’onsideiahle dilVeience also exists lk»tween 
the two classes of fibre in dyeing, animal fibres having a greater 
affinity for tj;e dye-stuffs, especially tin* acid dyes ; the same 
remarks applv vvith regard to mordants, a j oint that will he 
discussed later on. 

, In hleacliing, the use of chloride of lime is inadmissible for 
animal fibres, owing to the corrosion produced. Finally, the 
behaviour of the two. classes 0*1 fibre when burned is so divergent 
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that this test offers a ready ind reliable menus of dist in^\iishfiT^ 
between them. On settmj. light to a f vegetable li^fre it burns 
rabidly, and gives off a smell of burnt paper (winch itdMf con- 
sists of vegetable fibre), having behind a loose whtfe ash. 
Animal tilings, oil the other band, burn very slojvlx, give off 
V smell of burnt born, and fuse to a small head of hard porous 
carbon. Vegetato^fihivs ran ^e ipiit^jlv detected in association 
with aipma^ fibres by wanning the sample of fabric with dilute 
alkali, and examining it under the microscope aftei washing 
the animal fibres witl he*fo^|id considerably swollen and trans. 
parent, the vegetable fibres scarcely swollen at all, and sharp!) 
defined. A gum, if tTie sample be boiled for about a quarter of 
# an hour iq S’ It. so<l\ Ive, the animal fibres will dissolve: the 
residue is then examined, for the piesenee t>f vegetable fibres, 
by the eomfiustiqn te^i m^i< 1 under the nneiosenpe. 

To distinguish^ leal silk from lustrous threads made fiom 
cellulose (artificial silk and meiccnscd cotton) the ‘.ample is 
heated in a solution of luehsin that lias been decolonsed with 
ammonia. The real silk film's alone me stained ; but the pro- 
portion of ammonia must not lie too high, or the silk will not 
take up the dye. and, on t lit* other baud, too little ammonia 
leads to the staining of the cellulose nines 

Annual wools air distinguished fiom all other fibres hv con- 
taining sulphur, and, if boiled along with a solution of lead oxide 
in soda Ive, they will turn black, owing to tie* formation of lead 
sulphide. 


Silk. 

Morphologically, silks air the simplest, and m tlmu oilier 
profM'ities the most perfect and the most highly pii/ed,of the 
textile, fibres. The chief difference is in point of structure, 
sint'!* whereas tie* vegetable tibies an; organised, and are pro- 
ducts of vegetable growth, and wool also grows sps an organis'd 
structure out of the skin of the sheep, silk is a solidified secre- 
tion of the larvai of various moths, and v consequently, is devoid 
of cellular structure. According as silk is obtained from the 
lame of wild moths or the cultivated silk-worm, it is termed 
wild or true silk. These two varieties differ in so many rejects 
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»t>f to necessitate entirely separate descriptions, the true silk%dng 
taken tirnltpn account of its far greater value. # 

Tru6 Silk.*— The lib-history of the true silk- worm, Hornbyi 
mart, ^identical with that of thejwild silk-worms and may he 
hrietlv described as follows : — 

The perfect insect neither takes nourishment, nor does i t 
^produce silk, the sole object of^ its short yt^Atenc* being the 
reproduction of the species. Fiom the egg laid hj the moth is 
hatched t he sexless form of the insect, the larva, and fiom this 
in turn proceeds tin* pupa or «{uie^R*nl infcrmbdiate form. In 
order to protect the unlmmied pupa from exletiial mlluences, 
the larva, before passing into the pupal stage, surrounds itself 
with a casing or cocoon of silk fibre, which cocoon fot ms tin; 
raw material for the manufacture of sdk. 

Silk-Worm Breeding. This pursuit iscaniedSm in estab- 
lishments known as " nmgnanei ia," and also as a home industry. 
The hist, condition for founding an establishment ol this kind is 
the planting of a sufficient number of mulberry trees, the true 
silk-worm feeding exclusively on mulberry leaves and requiring 
an Ahundant supply of these to enable it to pioduee line cocoons. 
A deficient food supply causes the worm to produce either a 
smaller quantity or inferior quality of silk. 1*1,000 larva*, the 
cocoons ^f which will eventually yield horn 0 to I \ lh. of silk, 
will consume during their lifetime about 0 ewt. of leaves, fiom 
g’hicli figures it can easily he s^.m that very large mulberry 
plantations an* required for production of silk on a huge scale. 

When fresh, tin* eggs of the silk-vJorm ate yellow, diy, whitish- 
grey, and resemble ordinary poppy seeds m foim and size, ahoqt 
16,000 being required to weigh a lh. For hatching, they are 
spread out on sheets of paper in well-ventilated and slightly 
damp chambers, the tenqieraturc of which is gradually raised 
in ten to twejve days to 00 ,01, f»S , and 77° Fahienheit; at 
this tempenitvire the larva*, which are veiy small, motile, and 
covered with blackish hairs, emergi* from the egg, and are trans- 
ferred without delay to frames covered with white piper. Only 
those from one hatching are put on the same frame, in order 
tliat they may all subsequently spin at the same time. They 
are now fed with fresh, dry,* mulberry leaves cut up. and, iu 
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projfortion as the )arvu*<r< w, they must In* transform! to hu^rr 
frames. I nform temperature* uiftl ii*>istiin\ care.rf-Icunhness, 
and abundance of fiesl/food. aiv indispe*iisah|e* ronditmns lor 
obtaining stiong healthy worms and good qualm silk. • 

The sjk-worm is an extreme!) veracious animal and «io\vs 
\at a correspondingly rapid into. until "it attains three to tom 
inches in*leng%p*ind weighs about one-sixth of an ounce \t 
this stage h is of a tlomv whiteness, or sotted with hiown and 
bkick, and its |»od\ is divided into ten srgnients. t lit* foremost of 
which is somewhat* enltirj^d. and came* the head and tine 
legs. It is interesting to note that these legs an* ot the same 
colour as th^ silk Plmt will he subsequent!) supplied h\ the 
worm, i.t\ white, vijlovv, or greenish. I hoing its lifetime the 
silk-worm shells its skin four tunes, and is at this pciiod par- 
ticularlv susceptible to external intluenees. \fter the fomlh 
shedding, the laiva lives anothei eight 01 ten da\s, when-upon 
it ct'iises to eat, evacuates the contents of its stomach, ami moves 
rcstlesslv about. It is now tiaiisleiied to < i i \ mulheirv 01 othei 
twigs, where it at once begins to spin, dischaiging fiom its under 
jaw a thread (silk), with which it first forms a loose netwoik or 
bed, and then begins t<» spin the true cocoon Tins it does by 
moving its head to and ho. and winding the exuding silk tin end 
around its body in a veiv i< gular m.innei. In a short time it 
is complete!) enclosed, ami the cocoon w finished in about lour 
davs. Inside the cocoon tli^ lai v a develops a final skin, and is 
converted into the pupal •'tale 'I he shape of the cocoon differs 
accoidmg to the sex of ihe # futuie insect, the females being oval, 
whilst the males arc* a little "mallei . moic evlmdi leal, and Mightl) 
constiicted in the centre. Th»*v av»*iage about 1 2 inches h>ng, 
and Oli to 0'7S inch acioss. When fn-sh tlu-v have the follow- 
ing approximate composition 
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Thev are formed of a single*, seldom inte rrupted, double fibre, 
which is strongest and most uniform at the centre; and* varies 
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irf fcmgth from 400 to .“MOO yards. #Th« innermost layer ol all, 
surrounding the pupa, teseRibles a thin skin o^ jarchment. 
After aJiout ten da\s tin* cocoons i\% collected and sorted. 
Double fifkjooriH, produced by two larva) spinning themselves 
in together, or cocoons exhibiting other pecufiarities^ must be 
sorted out, being unsuitable for the manufacture of silk in the/ 
ordinary manner. Moreover, a certain of* male and 

female cocoons are set asifle for t?ie ])ur)>ose of reproduction, all 
the rest being sent to the reeling house. • 

I’he cocoons intended lor hreedin# jfre jlhuvfl in a chamber 
heated to a temperature of li)S I* 1 ., where, in about tweritv dass 
after the completion of the cocoon, the fnoth, yliicli in the 
meantime has become perfectly developed, •moistens one end of 
the cocoon with saliva, pushes tie* threads apart, and crawls 
out. The wind's are kept in constant motion unti f tllc\ have 
expanded to their full size. The motlMs Homy white in colour 
and immediatelv begins to pair, its life terminating as soon as 
the eggs have been laid. The eggs are caiefnllv diied and stored 
untif the following spring in a cool, daik, drv place 1 grm. 
(lo grains) of egg-. will yielil over 11,000 larva- - .1 too Hi. of 
finished cocoons. 

Diseases of the Silk-Worm. Silk -worm In ceding is a dilli- 
cnlt operation, entailing great can- and attention. Moreover, 
the lame ^ire subjected to a number of diseases. At the com- 
mencement ol the sixties, two h^jhh devastating epidemics 
made their appearance in the silk-vvoim imhisti ies ol southern 
bill rope and India. Their oiigm vv*as investigated hv Pasteur 
and others, and traced to fungoid giovvths developing in the 
hod|es of the larv a*. 

The Chinese and .lapanese breeding establishments are, it is 
true, unaffected hv this disease; but. on the other band, the 
.lapanese industrv sellers from another disease caused hv a 
species of iehnvumon Hy, which bores boles in tin* young silk- 
worm and deposits its eggs within the IkhIv of the latter. 

Silk Manufacture. — 'Hie first task consists in killing the 
pupil 4 in the cocoons. It is effected in one of two ways, either 
hy ‘heating the cocoons in an oven for two or three hours at HO 
to 70 «(\, or by exposing them for about ten minutes to the 
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action of strain. Tin* •cocoons air thru sorted, tin* last flAd 
• finest being for the | u oilm-t ioi^of sf>. called otgiuv.ihe. whilst 
tin* infriior grades arr ui*d foi making trainr. In \n rating silk 
fabrics, the orgunzine lihres arc used as waips, anil Iptnr as 
wefts. 'Jhe silk tlurads forming the cocoons air in \t rrcinl. 
%for which purpose tlie\ aic hist "terped in hot water in 
order to soften gelatinous mattr^ surrounding the threads^ 
and arc placed in a basin of lukrwai in water. The attendant 
who looks after the reeling thru woiks the coroons about 
with a small hru^h oftwifjs order to find ll»*rudsol the tlurads 
Several rnds wrr thru unitril to a single tlurad and two srts of 
compound t^ieads # of njual thickness air passed sepaiateh 
^through prrforatrd agate guides, and, aftri eiossmg at one point, 
arr again parted, passrd through a second pan of guides and 
thence on to a reel which is woiked .it a, speed of NOO tofHK) le 
volutions per nnmitr. din* murinous mattri. softened h\ tin- hot 
water, causrs the loose cocoon tlneads to stick together and foim 
the simplest class of raw silk tin rad gieg' 1 * 

Keeling is a work leipnung tin* gieate^t attrnlion in onlrr to 
prrvent tearing tin* silk dining tin* *«»i **li for tin* rnds, and also 
to sremr uniform thickness in tin* i •■■■!• d tlurads. It is a mattri 
of considerable difhcult\, and a good deal of silk gets hrokrn 
dm mg the foi mer opnatnm. • „ 

KrerntU an automatic silk iceling machine was inxented by 
an American, K. \V . Smell. 4 • 

Working up Waste Silk. Tin* silk forming tin* outer lajcr 
of tin* rocoon. and also that # of double cocoons, prifoiatrd, hurst, 
f>r otherwise defective cocoon-', and tin* broken* mils in reeling, 
constitute the so-railed waste 01 flon tle -^1 1 k . Tin so rannoi hr 
worked up hv n*eling, hut ha\r to he treated S\ Lisin's ) access 
- nanieh, scouring with soda and soap, tln*n combed nr caidrd 
in suitable machines like cotton, and finally span. Thru* arr 
two classes of waste silk, iiameU. fhnrttr and' Uiuirttr; ?hr 
fonnrr consists of tin* better and longer fibre and is prepared in 
a manner more simdai to wonted, whilst the inferior bourette 
is worked up in the same wa\ as carded \arn. 

At the present time Horette spinning forms an important 
branch of the silk industry; nevertheless it is inferior iy* .value 

tn reeled sdk. * * 
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• historical. The historical data oiu the subject of silft are 
so comprehensive and ititer#stme as to deserve niention in tin* 
present* uoik.' China is the homo of*thc silk industry, and it 
has hcejf known there from urn*- immemorial that certain Inna- 
contain a secretion from which very durable tlneads cgn l>e pm. 
duci-d. At one time tlfese threads were used m makme string/ 
Jor musical instruments, and they are e\eiL^0w emnhned as 

fishing I in»*s. 

i he di-^coN ei \ that falnics could he prepared liom cocoon** is 
attributed to IVding-Shi. wifeot tl* l # ,mp#ror •! loan^-te, about 
Jh.>() n c. I Ins monaich is also said to he the fust to wear 
silken Raiments, and Ins lady was, aftei* death^i aised to the 
lank ol a deit\. I'rom thit time tin* Chutes* «ulk industry has 
been closely connected with the histoi\ o| the countiy. It was 
placed under io\al piotectiun, and for a lone tnfte foitued a 
monopoly ol the monaich and iiohilit\T * 

I he ancient (ireeksweie aUo acquainted with Chinese silk, 
and held it in vcr\ In-li estimation. Thus, accoidme to a cal- 
culation made hy I\uisi*t in tin* tinieol the Kmpeioi Auiehantis, 
one poti n« I ot law* silk was woilh about l*JI, and one j ound of 
pm pledged silk loin tunes that amount. This price, how* \ ei, 
subsequent 1 \ fell a\\a\ to a 41 eat extent, so that m the Inuith 
centin s all classes m Koine woie silken eaitnents. J'lorctle silk 
Imm the }\ild Assyrian moth was also known to t lie ancients and 
hjtfhl\ pn/.eil, namely, the sn-c.ilh^l liomi^kia. loan winch the 
(oan tain ics were manufactuied. In India, iVisia, and .Japan 
the eulli\ation of silk was intiodueM liom ( ’liina, though it. is 
undeniable that man\ ol the inhabitants ot those countries were 
already acquainted with and made use ot thislihie. In Kmope, 
silk was IoiilJ i eluded as a vegetable product. It was mt induced 
dm m.it the lii^t' hall ol the sivdi centm\ of our eia, and it is 
recorded that i^hout Jits pound the liist silk-woims weie hmu^ht 
tojys /ant ium,. concealed in hollow hamhoo rods, hy two monks. 
The industry Thus founded al’tei wards spread to (J recce. Spain, 
and Italy. 

Commerce and Statistics.- -At the present time the cultiva- 
tion ol true silk is carried on (with ^reat care) not only in its 
Asiatic home, in China, la^m, and India, but in southern 
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Kuropo, I tal \ , th<* south of France, (iirece, and the L- \luii 
Filina and Japan are the chief sof.uvA of supply offers for the 
Kuropean silk-worm imiiwti\. iho diseases ahead) nr-utioned 
having devastated t lu* hi eediu^ r establishment s m southei njlumpc, 
and Indy. Nowadays silk cultme is making advances m » \i rv 
, direction, c <i. in Bulkina, ( Inna, and Japan Mthou^h fai fioin 
equalling, Kuio^n^n silk in tmeinss^md iroulaiitv. tin* 
silk predominates in point ol quantuv. and the (bines, > pioduc- 
turn is increasing lai^elv. The total pioductnm of silk tliiou^li 
out tin* world V tMirnM*^ at d.'l.tMH) t<gis ( of which Clnna 
produces about one half 

Physical proper{le$. Kaw silk is usuallv vellow to white m 
colour, though ocea*innallv id a taint ^lemedi Unite i.lapauese 
silk), aini onlv aftei hem^ boiled and subjected to \anous 
ineclianicaf opeiations due-, it acqum* those pmpeities loi 
which It Is so Infills esteemed 

Scorned silk i*s distinguished bv h i u h liMn, sUen^th. tonsil 
ness, and elasticilv , the tensile stienjjth I i**i i il: almost :is eieat 
as that ol non vv ne n| equal thicknes- l ntoi t up ite|\ . foi ninny 
\ears past, both while and colmned silk lahnes an* only lound 
m commerce in a hea\il\ loaded condition, wlncli picatlv im- 
jiaiistlieir tensile strt n^th. Tin « - 1 : i ^ 1 1 * • i J \ is also hitdi, a di led 
Silk thiead hellie susceptible o! extension b\ olie se\ eiltll to one- 
tilth ot its oiiemal length. Tin se two pmpei ties imunlv leside 
in the outer elulinous lavr^ml .ue diminished by about dO per 
cent, m scouting. Moieo\ei. immodeiate loading tm black 
dsein^) depnves tlie silk ot*a eooi| deal ol its \aluah|e pmpeities. 
When dlied silk is moistened it ronUaeN h\ about olu-sev eiitll, 
and the same also oecuis in ilyiii^. 

Silk is a pool conductm of elrctiieitv, amUwhen subjected to 
fi ict ion remains electi itied, a ciieiimstanrr w Inch ma\ cause a 
deal of mischief in tin* manufactmin^ pwic*^. this detect, how- 
ever. can he obviated hv keeping 1 1 ,» • factors atmospln-ie nuiKt. 
A pro|wrt\ possessed bv silk alone of all tin* textile lihies is that 
of emitting a ciacklin^ sound iscanop) when compulsed. This 
property, however, is not mi^inallv pi»-ent hi tin* -ilk, hut is 
acquired alter immeiMon in an and hath. No piopcr explana- 
tion of this phenomenon has Act been discovered, h^X it in 
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aMtamed that the acid roughens the surface of the fibre, an<f that 
the noise «esults from fhe fncreased friction thereby ensuing 
when pressure is applied. % 

Proi^flction and Structure of the Silk Fibre.— The silk 
fibre is produced in two glands along the inside of tte body of 
tho silk-worm, which glands are in the shape of convoluted/ 
cylindrical threads, and occupy a consideral^4lmouat of space 
in the full grown larva. The glands consist of three principal 
portions (Fig. (i) : (1) the part a t b, where the silk* is probably 
formed; (12) the broader part b, r, ^hAcin # tho*silk is probably 



stored'; and finally (d) the capillary tube <*. //, when* a partial 
hardening of the silk occurs. In this manner two threads are 
simultaneously formed, which unite at ri, and issue from the 
silk- worm’s head in the form of a double thread, which only 
becomes thor<vighly*hardoned on exposure to the air. If the 
siNi gland he cut through at the thickest part, it is found to 
oonsist of two distinctly separate parts, an internal transparent 
layer, and an external stratum which is colourless, greenish, or 
yellow, according to the breed of the silk-worm, and occupies 
about one- fourth of the total volume. As in the scouring of 
row fc*lk, which dissolves the#sericin. an almost identical loss 
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ill weight occurs, it is concluded that this is formed simultane- 
ously with the substance ft the sill?. / 

Jn harmony with this method of formation, tin' fibre 
exhibits under tljp microscope tin* appearance of a clear cylin- 
drical double thread, enclosed in a cloydy intoguyient. As is 
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shown in Fig. 7. the two thread-* stand apart in places, and nr 
scoured silk are entirely sepai ated . consr<|uentl\ , whilst raw 
silk consists of a double thread, the scoured silk is single. 

Florettc silk can he recognised l»v tlv irregular appearance of 
the external layer tFig. *). * 

The structure of silk is, however, not so simple! as the micro- 
scopical picture would lead us kf expect ; am], in fact, th^- fibre 
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is compos*"'! of a number of smaller elements or fibrils, connected 
tof'ether b\**i simil 1 quantity of malti^ Tins can fc>e conclude*! 
from th* fol lowing facts t 

When a silk lilue, exhibiting a slight st nation, is treated with 
chromic aen|* uud**r thg microscope, tin* stuation is*iendered 
more cleat I) detined. Mure conclusive evidence is, however,' 
gflnided I >\ tile hehavioill $i the l^hle in pieSHfcc of lYlOilel »1 ti *1 \ 
wtione sulphur ic and assisted h\ heat, since if, after i»ipi ^nation 
with this acid, the silk he dlied and then heated to MO to nil) 
it will In- loiiml, oft eaiefnl e\ami/itioii under the rnicioscope, 
to he e 1 1 1 1 1 e I y disintegrated into lilnijs, sryumteA by tin* pre- 
cedin'’ treatment. A similar, and still nime deceive, proof is 
allot ded h\ “lousy” silk (see Inter, under iVcoi tic.U iun ). 

Chemical Composition. As alicady stated, tig- silk lihiv 
consists of two pot turns, tin* outer l.i\c% ot and tlu 1 real 

substance of the silk, or lihrmn, the latter eqnstitutiu*; about 
two-thuds of the total material potent in the law silk 

Strict n is a substance soluble in water ami lesemhlm^ oidinarv 
eelat-ine, though, s\ hen boiled foi some time with dilute siilplnn ic 
acid, it turnislies deconipositiori pioducls dili'cini!' tiom those 
yielded h\ gelatine. 

l ,, ihiom is entirely insoluble in water and is dashed alone 
with the # pmtctds. On ninipaiui^ the cmpnic.il tonnulic of 
lihioin ami sericm, the lollovvm*; simple iclaiiou is lound to 
cv.st between them ♦ 

-t- o {- ll.d (',.11. N O s 

lnvnom. Seiicm. 

It is therefore jiossihle th.it seiicm is produced tmm lihiom, 
mi assumption that would seem to he justified hv the fact that 

when scoured silk, entirely ficcd from seitciu. has left for 

sogie time exposed to damp air, it loses m weight on heme 
subsequently Iftuled in water. 

According to K. IWherund A. Skita, however, this hypothesis 
is untenable, their researches bavin*; show u that, whilst fihrom 
nn<\ serieiu are of the same qualitative composition (both con- 
taining the same tission products. t\ rosin, *;l\cocoll. alanin, 
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twin, iir^iniiO, tin* pemiua^c probations of these constituent** 

arc* ditfoivni yi t h * * two substances.* 1 • 

# • 

hi addition to tin* foiejjom*: substances iaw silk aUo contains 
water, ami. in small amounts, tat. wax. ami pigmental \ jnattei 

rim sj^vitic ^ia\it\ ot both law ami m'uiiii'iI sdk is | .11 

fcYi^non i. 

liehaviuur TcN^rds Reagejit*. ^\lk will stunl a tempeia-. 
tun* of J 10 * ( '. w it Ik nit umln^uin^ au\ altni atmu. hut ia|mll\ 
de«omposes on 1>« * i n lt In atcd to 17** ( Winn held in a llann* 
it hums, ami, hk^* wflnl, tpjyus to luse. without. howe\ei,dis 
nn^a^m^ such^m unyle.is.inl smell as is e\ul\ed h\ the lattci. 

\Vln*n in «i% pun' s»atr. silk is liii:hl\ iisistant towanls putir 
Jact \\ e :iL!i‘iii'ii s itfs\n\ h\ ^lo-cnpic. ahsui In 1 1 u as much ns 
.‘10 pel* Cellt. ot w.lti-l whrll exposed to «la 111 ] > .111 0\Mll^ to 
this i*i i cunmtance. ami ^lu* lac* lint it is a w*i\ ixpensi\e 
material and is s<7!d h\ We'Ljht, It 1)1 Uilllis Urn SS.U N to detei mine 
tin* actual weight ot silk in » ach hale, an npeiatimi that is pi i 
formed in sdk conditionin'' hoiisc-s, which i stahlishmcnts will 
he described latei on 

In addition, sdk is a »«*i\ poious suhstance. and has a lu^h 
adsoi ])h\r capaciu (oi all kinds ul bodies, <■ ■/. alcohol, acetic 
acid, tannin, suii.ii . i u. Its capacity tni adsni Inn.; d\ e- stud's is 
^leatel than that ot au\ othei textile tlhie. and IS e\ e|| exhibited 
at tin* oidinais teinpeiatme. I’uitheimoie, cniain s*lts, used 
as uo>ninul\ are adsni hed 1%; l.um* ijuantilKs h\ silk, a plu- 
nonn non on which is hast d tin opeiatmn known as loading oi 
weightin'' silk f 

# Waim dilute acids di*su]\r tin- s-nnn. hut fVa\c tin* iihiom 
untouched, eolicrntialed acids. howe\ei. e\eit a destl Uc\l \ e 
action ('old acetic acid dissolves out merH\ tin* coloum:^ 
matter ol raw silk, without attacking tin* sei icm, though w hen 
heat and picture an* applied tin* silk dis<o|\cs in this acid. 1 
Concentrated mine acid stains sdk a beautiful yellow. xautho- 
pioteie acid hem*; burned. This coloration is deepened by 
alkalis hut lightened hy acids, and is d^stioyed hy a boiling hot 

1 Concentrate d slr<»ni{ m nU « ause real silk to centra'! In HI to fAi p r 
cent., a pnpTtv wlucli ran be utilise 1 f«.» the ppwhi'm.n * .f <r«'p* i '!«-■ U. 
Tussah hilk, liowr\cr. does not shriuk ufidi r tin-, treatment. 
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ftofuticm of stannouH chloric!#*. Formerly this colour was utilised 
industrially 

Coiufentratcd basic /me chloride dissolves silk to a visepus 
solution. A concentrated acid solution of $inc chloride also 
readily disscjvcs silk, apd tlie solution can lie diluted with water 
without precipitation being produced. When the liquid iff 
•dialysed, to completely rtynow; ^le acid, an^qUcons*solution of 
chemically altered sericin is obtained. This operation 9 though 
undoubtedly interesting, does not, however, seem capable of ifhv 
practical utilisation, Vuisinuch asth/fhulk ol the sericin is throw ii 
down during dialysis, and in no case is the solution entirely free 
from /ine, howeser prolonged the operation ma* he. On eva- 
porating the solution to di uiess. a \ allow Substance ijj obtained* 
which resembles colophony in appeaiance and is no longer 
soluble in water. 

Dilute alkalis diminish the glosi of the silk, and when 
moderately eoneeniiated dissolve the mateiial in the warm. 
In presence of glucose, silk can he treated with even highly con- 
centrated alkalis, hut, of couise, only in tlie cold. The Hadischo 
Co. has a patent, based on this eireumstanee, for semiring tahrics 
containing raw silk and raw cotton. Ammonia everts no ap- 
preciable influence m tin 1 cold, and soap acts merely us a solvent, 
of serieiu, though, alter prolonged exposure at boiling heat, the 
fibroin a too is attacked. 

• Sdk is soluble in both ammofiacal copper oxide and um- 
moniaoal nickel oxide, hut differs from cotton in not heinj; re- 

r 

prccipitahle by additions of salt, sugar. etc. This solubility in 
ammoniaeal nickel oxide as also in zinc chloride can U* 
utilised as a quantitative test for silk in mixed fabrics, the follow- 
ing method heinjJ adopted, according to Kielmrdson : 

Twenty-five gnus, of crystalline nickel sulphate are treated 
with caustic soda to throw down the oxide, which is then 
eilrefully washed and rinsed by the aid of 1*25 c.e. of water 
into a 250 c.c. flask, which is filled up to tin* mark with 
ammonia t s P- gr., 0*SSj(, the liquid being then employed for 
treating the tissue under examination by boiling them together 
for ten minutes under a reflux condenser. The silk is com- 
pletely dissolved, and the cottOn loses 0*8 per cent, in weight. 
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For silk and cotton gohds tin* following method w, however, 

preferable : - . • # * 

Absolution is prepared of HliH> parts fused /me chlo^e and 
10 parts zinc o\uJe in Sot) parts o! water; and the fabric, alter 
being boih«i in this solution foi out* minute, is freyi troni zinc 
By washing w itli hvdrochloi ic aeid ^ 1 p»*i cent, strength), 1'ndcr 
this treatment 0 r cent. o( ^hc cotton tor 1 o to 2 p«i cent., 
of wool, if ptjysenti is also dissolved. 

Wild Silk. In dm m. Japan, and India.- tin* honn* of the 
true silk-woim. fin n'are also f«»ui d insecls belonging to the 
nocturnal peai*>ck moth familv, winch not uulv have the same 
life-history as # »he true silk-moth, hut alsu Imnish a \ei\ similar 
^|lass of silk, though «di!lenng theielmm both moi phologicallv 
and in point nt heh.iMom towaoU ehenneal nugents. 

Although tin* mauufacl^uc ol luhncs limn tin* cocoons ul wild 
silk-moths was pi.icti*ed in the alniesaid countnes from the 
earliest tunes, it was onl\ about |Sii() that in consequence of the 
silk-worm disease, the attention ol Kurnpcan silk mamilactiifors 
was drawn to this mateiial. 

The chief reason loi this is to he sought m the fact that the 
wil<l silk-worm makes seveial pauses when spuming the cocoon, 
tlie consequence of which is that tin* cocoon is composed of 
seveial thieads dillicull to disentangle and theielme »». ..uuta.h]e 
for reeling. However, since IJstei’s nnthod ot w <7, king up 
waste silk was applied to w%d silk, tin* cocoons of these wild 
spinners ha\e become an myioitant factor in tin* Kmopcan silk 
industn, plush and velvet in paitieular being now made in huge 
quantities from this raw material. 

The mam advantages of wild silk are -(1) Its greater durti- 
billlV, OWlllg to the gl eater thickness of tile thVeads. though, in 
consequence of the method ol treatment pm sued, the true silk 
threads are stronger in the finished fabnc, # (2) greater cheap- 
ness and productivity, inasmuch as tin* wild mlk'wonns do not 
require to he cultivated, hut spin then cocoons oil trees in the 
open. Moreover, the cocoons ai«* latter and yield more silk 
than those of lUmhyx wmn, arid many of them bring up several 
broods in a season (2-ft), whilst Jlomhjjjr nwri gives onlv^oue 
crop in the year. 



5()> Till; ( HHMN Ali Tl*:( IINoLuOV O Y TKXTILK KIUKKS. 

• t t • 

On the other hand, apart from the inferior rcgulatity of the 

cocoons, the wild silk-woi ms exhibit the disadvantage of furnish- 
ing a %\\k tli.it is alwavs more or less Inghlv coloured ayd is 
very ddlieiilt to bleach. l ot tins reason vvjd silk is mostly 
spun and \wi\en in ar« uudved -natural condition.* There is, 
however, some hope that this difficulty can he silt mounted, sincf*. 
^according to the observations of* ( ). N. Wit^e* ild sdk is always 
colourless when first formed, hut is afterwards^ode^l hy the 
secretion emplo\od hv the woim to moisten the spun thiiiul. 
The coloration thus impaited depends on the plant on which tin- 
larva has been led, and is daikerin proportion as the plant is 
richer in bodies that furnish pigments on expo^ue to the air. 
ilence, if the woims dunng the lattei stage of their existence I > 4 ! 
fed on plants mcapahh* ol furnishing such pigments ftannin, 
etc.), jK-rfectl v white silk will he obtained. 

On this point piactieal e\pemnents on a huge scale have 
been successfully earned out, Majoi ( 'oiisMiiacker having ob- 
tained perfectly white cocoons in India hv feeding tlu- larv a- of 
Anthem'd nuiltttd in a suitable manner. 'Oils result is the easier' 
of attainment in that, unlike the tine silk-woi m, tin* larva- ol the 
wild spinners are not n-stiicled to one stance of food supply, 
hut easily stand a change of diet. No technical success, how- 
ever, hat \et been obtained. 

The chief wild spinners an- 

* A at halted mjfhtta, which occunt'all over India, and yields the 
most valuable of all wild silks, n;. Tussah silk. 

TI\o Ki ia spmm-r, .1//UC//S riant, met with in tiopical Asia, 
also in North and South Aim-nca, vields a veiv handsoiv*. 
almost white product, that is daily glowing m value. Special 
mention should he made of one individual of this tribe, n;. 
Attains atlas, the hugest known moth, which produces open 
cocoons, from which the so-called Fagaru silk is obtained. 

Anthem'd Wimamai, the Japanese oak moth, furnishes a pale 
green, very handsome silk, which is the nearest to true silk in 
character, and is highly esteemed. 

Anthem'd Panin, the North China oak moth, vields a silk 
that is very largely exported under the erroneous designation of 
Tussah silk. 
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Tussur or Tussah Silk. -This t bein$: the most ^mpnt taut 
•and best known of all tht wild silks, will he descillank moie 
pai tftruhirly. • 

The moth (.tuMr/uM muhtUi) fiom which this silk is obtained 
qpcurs throughout tin* whole ol India anti Southenf Chinn. and 
has hern lnvd lvijulailv in tin* foimer cuunti\ ;fiom tilin' inn 
memniial, tin* uidii'tix being ramnP on 1 is oigmiiscd castes, 1 
and atteftded*Vith numnnus irhgious iviviiimin-s. 

Arroidmg to tin*, Uinjoifc taiih. tin- Tiiss.ih«moth jjjif 

is tin.- incoipma'inn of tin- god Slu\a , and tin* L 

silk worm hierdris •mist ai'siam hom ratin'* jit rl 

meat, washing, and ^having dm mg tin* whole 1 Jp m 

Ann* tin* ls*r\ ;i* an* glowing and -pinning l'AI| 

Tin* Tiis*ih cocoons me attached h\ then 
steins (»n to t w i*;s. and ;• e n*eled. an npeiation 
that Is \ri\ r;li t |e*d\ pel foi nird III India Some 
times tin* cocoons ai »• iuought loKwiopc. hut in JJll 

that C\ rut air not reeled, bring S|nm instead. yffifll 

Tussah silk rshihits all the atoir-aid ad\an- fJjjH 

tilers and defects of the Wild silks III geicnai. // /$e 

Chinese Tussah. which is ficqiirntly confounded / jfllj 

with the Indian \anet\.is daikei in colour and £ 7 (!' J 

infeiior m lustre and b«aut \ V 4 ,jW 

W in n examined under the micioseopr, Tussah f f'W 1 ' 
exhibits a lnghl\ chai.ietei istic appraiancr, dilh r 1 ‘r j'j 
itig gn-atK from that ol line silk (see hie. *jj 1 J*jj 
the filnes showing stmng stnation, and bring a p- I JJjfj* 
parent ly much ennsli irtrd in pails. The \eiy Tin. # 
distinct striatinns me caused b\ the niniieu^is 
very fine fibrils of which each filar is composed. Unlike tiue 
silk, the lilne is not ol enciilar cio-s srclioy, hut of elongated 
(juadrilateral hum. # • 

[n presei ce of reagents, acids and alkalis i^i particular, 
Tussah silk behaves veiy like tme silk, it is, however, much 
more resistent than the latter, especially towards solvents, so 
that the two kinds of silk can lie sepaiated in a fairly accurate 


quantitative manner, for instance, with aminomacal nickel (pride 
in which Tussah silk is only vn v slightly ■ oluble. 

• n r 
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Tussah ,silk contain* lh f to .‘10 per cent. of scricin, which, 
however, 6n account of its resin (ftntent, cannot lx* ‘used in 
the pntyaration of the dyeing hath. 

The 'other wild silks behave very much tin* same as Tussah 
silk. * 

liyssus Silk.- This libiv, which morphologically and chemi- 
cally is nearly allied to 1 * true *silk, is thl^ v producl of certain 
mussels which are found in Sicily, Sardinia, umhT or.ica, and 
spin a Ion" silky thread, for the jmi))Ose qf arching themselves 
to the rocks at the bottom of the sea. 

Thin fibre is golden brown in colour. luMioux, soft, and 
elastic. In funner times it was extensively collected, and em- 
ployed in tlie manufacture of the highly prized Hnssiu garments'; 
hut at the present time it is not much used, its collection being 
attended with considerable difficult vj' From j* chemical point 
of view, it ditters from other silks in that it mereh swells up 
when treated with acids, alkalis, or ammoniacal copper oxide, 
witliout passing into solution. 

Animvl 1 1 AIKS. 

'Phe skins of all warm-blooded animals are covered with a 
protective coating of horny cellular structures, which, in the case 
of mammals, assume the form ol hair, and constitute the feathers 
of birds. 

These structures are elaborateefrn social glands in the skin, 
and protrude through the epidermis,'!) proportion as they increase 
in length in consequence of cell multiplication. 

Animal hairs arc tin* most complex, moi phologicully, of Aril 
textile fibres, and, after silk, are the most perfect. In point of 
chemical behaviour and conduct in presence of reagents, they 
closely resemble silk, and therefore may lx* classed along with 
the latter in one group- that of the animal fibres as contrasted 
with the fibres of vegetable origin. 

Chief in importance among the animal fibres is — 

Sheep’s Wool. 

Wool is the name given to the librous substance secreted by 
the &kin of the sheep, and forming the hairy covering or fleece 
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of the animal. Tins covering is composed of several sinnku 

• elements, whose anatomical structure exhibits ditTeinm degrees 

* of development. § * • 

In the main the fleece of the sheep consists of U>dx hairs and 
true wool# hairs, the latter being thin^ M>ft, and mily, and 
possessing the valuable property of felting, whilst tfie body hans 
are thicker, dark^.in colour, # aml f^r the outer third of their 
length at lea^t, stiller and sharply tapered 

•In a few parts of the Unix, on the legs and head, ot the 
animal there occtifs a f lhhd kind of hair, n* bustles, least ol all 
endowed with 4he valuable piopertiesof sheep’s wool. 

The fine wcg)l s of (Tommerce are chiefly eomposrd of only one 
# of the above classes #nf hairs, u,\ either body bails alone or 
solely of true wool hairs ; whilst common glades, on the other 
hand, form inixtmes of both. 

It is certain* that the ailiele we now legaid as typical 
wool is not a reads natural pioduet, but one tlmt lias been 
gradually evolved in t lie romse of mans centuries of selection. 
Even at the present tune theie still exist two breeds ol sheep, 
the Coisiean moufllon and the aigali, found m \sia and Aiueiicu, 
in whose bans coats the valuable pmpeities of sheep's wool 
lire mere I v suggested. Mnicoxcr, it can he deal lx ohsoixed in 
the domestic sleep that iinpioxeinents in the breed Iv suitable 
selection produce a cnriespondmg inipiovement m the xxool. 
Consequentlv, the wools of t'^e highest bleeds consist almost <*X- 
clusively of true wool bans ; though even in the finest wools 
may lie found body hails, Jxhich must he asciihed to atavism, 
a reversion to tin* original type of hairy cov«*i mg. 

The circumstances influencing tin* quality of wool and the 
percentage of body hairs therein are exceedingly numerous, 
chief among them being race and climatic conditions, 'riius, 
for instance, in the hot, dry countries of Central Africa the pro- 
portion of wool hairs, in even the best breeds ot hlu*cp f stead fly 
diminishes, and that of the body hairs as regularly increases, 
Conversely, the climate of Australia is so excellently adapted for 
wool-growing that even the poorest breed of sheep will produce a 
good wool in a few years time there. 

Again, the fodder supplied to ihe sheep has a great incidence 
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on the quality of the wool. Grass from chalky soils produces 

a coarse wool, whilst that f«om rich, loamy soils gives tine silky 

fibres.* Filially, the quality is influAccd hv the ago and health ‘ 

of the sheep, arnl also depends on the part of the body on which 

it glows. § r 

It is wortfiy of mention that the sheep producing the linest 

wool yield |>oor mutton. # , 

* Collection. The wool of the sheen is mostls obtained from 

1 ■ * . « 

the living animal h\ shearing — an annual operation. The 
amount of wool futnished by an indfvidual"*heep, of course, 
varies considerably, and depends mainly on the. bleed and sex, 
the male merino yielding about H 11). at shearing, the female 
only about >) I li. Taking the genrial a/erage, the \ield per 
head varies from ill II). to lii lh., though this is exceeded by 
some breeds -tlie Argentine ram, for example, occasionally pro- 
ducing a tleece weighing 10 lh. and upwards. * 

Wool that is t-iiL from cai cases or sepal ated fiom the fells hv 
liming, is known as tanners' wool, and is always mfeiiur to flu* 

l . ..." 

shorn fleece, especially when obtained h\ limine. 

historical, Commerce, and Statistics. In Western 
countries wool has been used fiom very eaily times, whereas in 
Asia, the conditions being less favomahle for sheep breeding, 
«thr article has always pla\ed a less impoitant part, though t lit' 
hair of certain goats, distinguished for its special lustie, has 
been there woven into line fabrics £om time immemoi lal. 

The home of tlie sheep-breeding indiistiv m Km ope h Spain, 
where the indigenous merino sheej\ has been bred for its \v<x>I 
from very early times. fn the Middle Ages the Spanish 
woollen indiistiv was in a thriving condition, and the Moors de- 
voted special care to the breeding of merinos. Subsequently 
the industry languished, hut has recently re\ived. At first the 
Spaniards pmtecteikthe breeding industry with extreme jealousy 
aful the exportation of a live merino sh»*ep was prohibited 
under pain of death. This attitude, however, could not be 
maintained permanently and. since the year 17-d, merinos 
have been repeatedly exported to other countries, with beneficial 
results in every instance. Specially important for the breeding 
of slteep in Kurope was the .introduction of the merino into 
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Saxony 111 IT0-), the Saxtm Electoral hired now furnishing tHu 
* thinnest and finest known made ol wool. 1 • 

Tlje introduction of sherp-hieedme into \ustmha an«^ New 
1 Zealand has been attended with the most successful lesulls 
Australia jhjsscsscs no natixe breed of sheep, and it was oulx 
Cowards the end of the eighteenth ccutmx that the first sheep 
were, sent oxer. ^ n he on^inayx o>iys-, useless hair ol these 
animals soo^ dexelopcd into vjood wool under the faxouiahle 
influence of tin* Australian climate, and subsequent crossings ot 
the breed with o(AmI l^ieflsh sheep hioucht fthoul additional im- 
provement. w hadi was still further heightened l»\ repeated i'idsv 
ine with meryios, so that at the piesi-ut time the Austialuui 
§lieep furnishes a wind lankme with the \ei\ heM meimo. 

In South Ameiiea, also especially in ( lull and the I a i’lat i 
Stales -sheep-breeding has lone been puisiied on a lar^e scale ; 
and in Noith America the eultixation of wool has latterly made 
jrreat strides, and will piohahlx ere lone attain eonsideiahle mi- 
poi lance. ^ 

About lifts coiniiierei.il glades nt wool aie known, chiefly 
divided inti) two principal classes Imi^ ami shmt staple, ac- 
cording ti) tin* length ol th) 1 component lilacs. f l o the latter 
class belong all wools measuime I to 11 meh in length, those 
bet ween dj and (i inches heme classed ns lonjj sta ile. I In* 
latter are t mated I »\ tin* combing pincers, and am used lor 
making worsted lahnes ; whilst the shmt wools aiecaided fm 
spinning m tin* pioduct ion ot woollens. 

With iee*id to the wool Yi’oihu'tion of the xai ions count] ies, 
must In* admitted that, notwithstanding the mcieased aetixity 
m the woollen mdiistix in Kuiopc. the output ol wool m t^al 
continent is on the flow n ^iade, nw m^ to tie* inure laxourahlc 
natural conditions prexailine m extra- Kmopean lands . and 
coiiseipientlx the impoit ol wool into Kunapc is constantly in- 
ci easin';. About half tin* total output ol taw wool p induced In 
Europe is ei(»wn m Hussia. » 

The trade m cxtra-Emopean wool is almost entuvly in Kn^lish 
hands, though latterly a share of tlie trade has been acquired hy 
Jkdgium. Accurate statistics of pioduction m the scxeral xvrtoj- 
groxvm^ countries are dillicult t»* obtain, European wools, t>emn 
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occasionally brought into th«i market fti a partly cleaned con- 
dition, whAeas tin- extrl-Kiftnpeun article is always sent over in 
the gitasc (unwashed). The total production foi the w^iole 
world ymy, however, he estimated at aUnit I fc ()(M), 000 tons per 
animm. 9 • 

As regards the woollen manufacturing industry, in this respect 
^Kurape is far ahead of ai^’ othur countries, ^Tal the«chief place 
of all is occupied by (ireat Uritain. . m 

Composition of the Fleece. The term fleece is applied'to 
the entire hairy costing of the sheep* inci ikTi all impurities. 
It is composed as follows • • 


Films 

# l-i -7 J 

Yolk ( w « n i ) f.fcf) . 

1.-17 

Water 

1 J l 

hill 

. . r S -J | 


In addition to the hairs already mentioned, the filers contain 
shorn hairs, recognisable by their clipped extiemitie.s when 
viewed under the microscope. 

Structure. Wool has the most complex ami uUmesting 
structure of any of the textile fibres hitherto mentioned. 

When a fibre ol wool is examined under the microscope it is 
seen to consist ol three pai ts, distinguished respectively as the 
scaly epideimis, the cortex, and the medulla or pith. The outer 
scaly epidermis is composed of thu^ horn\ scales lying one above 
another like the tiles on a roof. In the liner qualities of wool a 
single scale is generally sutYicient to entirely surround the wool 
hair, so that tin* latter seems to he formed of a number of cups 
set one within another (Fig. 10, A), the upper edge of each scale 
hein^ also generally projecting, ragged, and seriated. These 
scales form the chief external characteristic of sheep s wool, and 
render its detection* under the microscope an easy task. Thev 
aiV, however, not always so well developed as the specimen 
given in Fig. K). b ; being in many instances less clearly visible, 
and in some merely present as faint broken lines (see Fig. 10, <i). 
In other cases they may even he entirely absent in places, as. 
fof example, in the wool of several breeds of country sheep 
whefo the scales are invisibkvfor some distance from the tip of 



THK TKXTIIiK I'INKIIS. 


«>? 


the fibre, or in wool taken from a piece of olotli which 1ms l>een 
put through a finishing pryeess thaf lms stripped thy scales olT 
to a {greater or smaller extent; and, even m some of t)y» finest 
wools, the scales are occasionally very imperfectly developed 
near the tips. In the case of luxK hairs the scales are far 
smaller, an<l in no instanee does a single scale surround the 
entire hair (l'V- IN • ). 

On tl\p styjclure of these scales depends one of the most 
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valuable pro|H*rties of wool, > the felting or shrinking jsiwer. 
This is due to the eircumstance that, when the wool is soaked in 
certain solutions «#*.//. soap), and subjected to pressure and 
friction, the individual scales en^a^e one in anothrei so that the) 
can no longer he separated without hreakin^. f hi this hehaviom 
is based the operation of fulling or milling woollen cloth. This 
explanation of felting projieity m in perfect harmony with the 
fftct that liody hairs, ami. indeed, all other hairs with loss fully 
devolojxid scales, arc harder, Ut full than wool, f otUTn, of 
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cotirse, will not felt. so that when a fabric containing both wool 
and cottoif is milled, flu; firmer alone shrinks and the fabric 
acquires a crinkled appearance (crepe elTect). 

Two filler piopertics of wool also depend on the nature and 
arrangement^ of the scales, namely, the lustre of tin* fibre and 
the decree of facility with which it will absorb water and dye* 
jatutls, Wool, with scale^lhat fither he dqpn Hat. or project 
only very slightly, always has more lustre than ths^ w herein the 
Converse conditions prevail. Some common grades of wool 
have very hard scutes, which tightly Vnionfyftss the hair and 
^really retard the |jenetrution of water and d\*e ; such wools 
must therefore he well wetted before d\em* r . 

file second or coitical lavei of tin* wonUlihie consists of smalj 
spindle-shaped cells which jjive the wool its strength. These 
cells are visible, when viewed longitudinally undei^ the micro- 
scope, as Ion*' stnations, especially wTien the wool has passed 
through the limshm*' pmeess. * 

Initially, tin* third or central la\er, the medulla, is of far Jess 
impoitance than the other two, since it is entnelv absent in the 
very best kinds ot wool (metino). In fact, the dimensions of 
this medulla alToid an indication of qiiahtv, since while the 
coarse bodv bans lia\e a broad medulla, and can thus he dis- 
tinguished from th»* line wool hairs under the microscope, the 
quality of the true wool hairs vanes iuveisely with the amount 
of medulla they contain. The presence of this pith is a cause 
of weakness in tin* fibre, and therefore it gradually disappears 
in proportion as the wool is improved 

Micioscopicat examination pla\s an important practical part 
in* the case of sheep's wool, since it torms the best means of 
distinguishing hit ween the different kinds of wool, and also of 
dilTerentiat in^ between body hairs and true wool, the former 
bein^ readily recognised In their well-developed medullai v Iaver 
and small scuk's. Tanners* wool that has been removed from 
the pelt hv lining cun he detected In tin* presence of ban -root 
sacs, which are never found in the shorn fleece. Moreover, the 
microscope forms the best means of detecting the peculiar 
malady known as •• stocks," and probably due to mouldy growths, 
whilst infests wool or woolUn cloth that has been stored for 
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Home time in warm, badly ventilated i coins whilst in a daifip 
state, especial I \ if this dampness hf du? to alkalme^liquids or 
# contact with decaying wood. 'Hu* malady is most ftvjhentlv 
encountered in woollens dyed with mdi^o. and gcnciall) take* 
the form of small light-coloured spots distributed over the sur- 
face of tin* goods. The \ie\s that the mould eats away the dye 
is, however^ eiTomw,' is ^except, ^is w:^s shown by Kalmann, in^ 
the case of vgj-dved blue wooli, and u is leallv the lilue that is 



attacked and lemleied lu it t !•*, t h** m suit being that it (hops 
a wav and leaves a spotty maik. When the roiio<>inii has pio- 
eeeded sufficiently far, its effects on tin* til »i '•* sue clearly visible 
to the naked eve . and it a portion he examined under the 
microscope, a very peculiar and characteristic appeal mice will 
he detected (see Fie. 11). ii that the scab-son some parts of 
the hairs, and especially at the tips, ha\e disappcaicd, leaving 
the spindle-shaped cells of the cortical layer protruding like the 
hairs of a brush, whilst some of 1 them have become detached 
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altogether and can he seen Ivin*,' upoh and between the wool 
hairs. Jn*other places thcj stick o^t from the side of the wool 
hairs fijco ho many tufts. # 

Hornp skill is, however, required in detecting this characteristic • 
appearance^ especially «when the malady is only in the incipient 
stage, since shoddy and other wool substitutes present a similaV 
9 picture under the microscope, though what ')0 really.soen in this 
ease is tlie broken ends of fibres, and not the serrate spindle 
cells. 



Ki... l'J. 


»Tho malady in question plays an important and much-dreaded 
part in the woollen industry, since the affected pieces can 
neither he properly dyed nor milled, and, besides, the goods arc 
weakened. * 

An equally characteristic appearance is exhibited under the 
microscope \fy wool corroded by alkalis, the wool being curled 
up in horse-shoe form when the reaction has been very strong (see 
Fig. t‘J), or merely turned round in the form of a crosier at the 
etVls when a less powerful reaction has occurred. A similar 
common of the fibre is often met with after the carl>onising pro- 
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cess, ami, in the subsequent dyeing, giveg rise to wlmt is known 
§ as “soda-spot tin«i”. # • # 

Filially, it is also occasional!) jwviihle to detect acid e<iirosion 
in wool by the aid of the microscope, the libre being in sueh case 
yiore thaif usuallv stiiated. and m stnne placttf, the ends 
particularly looks as though hacked to pieees l ntortunuteh , 
the microscopic picture furnished lK such wonl is not very* 
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characteristic, and for this reason the formation of “ acid kjk)»- 
ting” due to carbonisation cannot alwass he detected by the 
microscope test alone, although when the wool bus l>een strongly 
corroded by acid the microscopic picture is characteristic enough 

(Fig. 13). 

Physical Properties.— Wool is a very hygroscopic substance, 
and can absorb a large proportion of water without becoming 
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appreciably wet. rhis t property is utilised liy certain fraudulent 
dealers, iiMsriiueh as they leave tin wool m a damp place, or, 
else sprinkle it with water, in order to increase the weight. 
I’or tli r-s reason it has become necessary to condition all parcels 
of wool. 4 be toughest wool grneiallv contains flic largest 
percentage of water, in the case of unwashed wool, the amount 
*of moisture is inversely pnfyortioftal to the I’atfontent. Although 
so hygroscopic, wool ahsoi bs moisture in largo <|UifTititios far less 
rapidly than the ntljer textile fibres, and t|ierefore requires to he 
well wetted hclorc dyeing, l-|I, hours’ boiling in water being 


necessary. 

In warm water wool fibre swells np, becomes* soft, and, like 
all horny substances, plastic— /.c. letains'th- shape. into which 
it has been moulded. Sevrial unpmtant operations in the 
finishing piocess for woollen goods art based oi,* this property of 
the fibre, as well as on it'* high elasticity and /citing power. 

J’he hislre of wool vanes considerably , the straight, smooth 
W'oftls bring mostly superior in this lespect to the curly merino 
wools. Such wools, however, as have a glassy lustre are gener- 
ally very hard and homy, and are difficult to dvr. on which 
account they must hr pui Ocularly well wetted. 

The colour also varies greatly in the different grades, the best 
kinds bt*ng white, the others yellowish, red, blown, and black. 
The dark coloured wools are almost impossible to bleach, al- 
though not last to light, and are wihked up in their natural shade 
to dark goods. 

Wool greedily adsorbs acids, metallic hydioxides, and dye- 
stutVs, morn especially in tlie warm. This inteiesting featute 
wdl he f ul 1 v dealt with in treating of mordanting and dyeing. 
Chemical Composition, lathe unwashed state wool con- 


sists of three parts --til ire, wool fat. and suint or yolk. 

" The thoroughly cleansed film* has the same chemical composi- 
tion as horn anil feathers -r/j. tin* substance known as keratin, 
which is classed with the proteids. It consists of carbon, 
hydrogen, oxygen, nitiogen, and sulphur. 

% The percentage values obtained for the constituents of keratin 
by intimate analysis arc worthless, since it is impossible to dry 
wool thoroughly without decomposition. It is, moreover, almost 
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certain that what we ic^aid as pure wool is not a uniform 
ttuhstunce, since it e\en thtgpun M wool lu* boiled in an atm . one 
or perhaps mom oi^amc mi1»v iiu'cn ami sulphui pass n^o solu- 
tion. Tlu» organic mallei thus dissolved p\es pmnpitates with 
silver and Ifcid suit*;, and is themfom piob.rbh ol an ac’d ehaiaetei . 

If this hulling 1 m* uprated with fmsh quantities of water, a 
point is at length Viclud whnfno fulthrr extinction occuih. 

With si*^a*4 to tin* pan pla\rd l»y sulphui m tin* substation 
of wool, nothing detmye is known \ portion of tins sulphur 
can hn extiacted h\ submits, and n\mi. as abends stated, b\ 
boiling with waVi, wyhoui ahmm^ the stmetum ot tin- wool or 
its bcluuuui 'owaids mahouts and it also tppnai* to hn in 
pni t contained m tin- "nluble matter just M-jmind to Nesmthe- 
less, the whyln ol the sulphur lannot he extiacted without pro* 
during struct m.yj modification-. Thnsi* roiisidmalioiis also ex- 
plain tin* hiohU conflicting an. ilstical mpoi Is on tin* pel centavo 
ot sulphur m wool, the li^uies i.m^mu 1 1 < >m Oh to .’{ fS pm rent. 

Tin* presence ol sulphui distinguishes annual wools fiom* all 
other fibres, and may hr emplo\rd as a humus nf ditVemntiatinii 
between them, a hlack coloi.ition brm^ pmdwcrd when wool is 
1 Killed with sodium plumhatr. 

Wool Fat. 'This, tin* tatty mattri found in wool, is an 
accidental constituent of wool film*, hut cannot he el rel\ m- 
moved without spoiling the softness of the wool 

Its composition is enmpli ». and has hrni onlv paitiallv in- 
vestigated It consists of clyilestci in and isorhohMm in, both in 
a fme state and m coinhination with olmc aeul, steal m •acid, 
h#a*uie acid, etc. Fme hijjim fatty acids, and other still un- 
identified substances, also appeal to In* piesmit. \\ < k > I fat is 
thcreluic not a true fat, *>itict‘ it contains no ^Iveend* s. 

Suint or Yolk. Inder this name an* enmpnsed all the 
bodies tliat are eliminated fiom law u<x>l in tin* washing pioccsi., 
though, scimitificall\ s]H*.ikin^ t the teim “ suint ” applies only to 
the fluid secretion of the skin ot the sheep. The amount vanes 
in different wools, and it is an accepted axiom that the laii'er 
the proportion of suint the better the quality of the wool. 

The extracted and dned suint contains GO jmt cent, of otj^imc 
matters and 10 per cent, of miiieial substances. Jt consists 
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crii»*f]y of the potash salts of oleic and stiMric acid, probably 

also of oI^mt volatile fattf acids;, and, in addition, contains 
potassjjim chloride and tin* phosphates, sulphates, and si^cutcs 
of calcium, iHit.osiuiii, iron, and magnesium, together with < 
nitrogen in, the foi rn ot ammonia '-alts and in the organic corii- 
| M > l J Fids. * 

Both wool fat and smut aie tvcoNcied Intfn the waste wateis 
ol wool-washing establishments, and aie utilised ivsvai ipus wa\s. 
(See Wool- Washing.) 

Behaviour Towards Reagents. In the pfm* state wool tihie 
consists ot keiatm, which is classed with the pmteids and has 
the character ol an anndo acid, /./*. is hotfi acid and basic. The 
presence of amido ginups in wool has heeifprowd by ^lazotisatiop. 

l'lven when stored in the damp, sheep’s wool Is less subject to 
mould than \cgctahle lilacs. On being heated m tlicdi\ -tale, 
wool undeigoes slight, decomposition, e\cn at 12(1 to 12o 
attended with liheiationol ammonia and slight \ellowing; when 
heated to 1 10 to lot) it also lose- pait ol its sulphur, which 
is liberated m the foim ol sulplum tted hylrogen. 

The hehu\ lour ol wool on eomhiistion and towards water has 
already been deseiihed, and it onl\ lemauis to state that wool is 
far tunic resistent towards water than silk, though unnecessarily 
prolonged boiling, m damping, moidantmg and dyeing. should 
lie avoided, smee this turns the wool blown, and loweis its 
tensile strength. It sulfeis less w hen boiled in acidified watei , 
hut more whi'ii a solution ol (ilaiiher sail is used. When heated 
with water to ‘200 < ’ . , under pressure, complete decomposition 
and solution occur. 

The effect ot alkalis on wool has already been mentioned in 
part. Ammonia in the cold does not attack wool to any appreci- 
able extent, though some loss of substance occurs e\en when the 
ammonia is very dilute and the period of e\|K>s\ire hi let’. 

Ammonium carbonate has hut \eiy little effect on wool, and 
is for this reason the best, detergent tor this mateiul. 

Buntroek and Kories/ found that, emiously enough, strong 
alkaline lyes attack wool less than when more dilute, especially 
when they contain glycerine. In fact, alkalis of d() to 4(T C. 
streiigth, containing glycerine, can he allowed to act on wool for 
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10 minutes or more, m die wM, aim though their is a loss fh 
weight, tiie wool tihies increase n\ 4t length. liMie. ufld ulVmit\ 

Ifor miuivihe-stutTs. Tieuiunnt with toimuMehxde ( Kami* (ier 
• - • 

Put.. Ill In,) enables wool to olVer more lesistaiice to the action 

of alkalis. • , 

* Lime acts less powerfulL than 1 1 1 » * caustic alkalis, 1>ut extiacts 
sulphur ami lend* >P' the wool luyd and hnt'.le. hesales making it 
more iiillu- ul^o lull. It Is toi tins lrf\snli that tunnels' wool IS 
such an inferior main ial. 

H\ the enrigrtV ac*n>fi ot hanutu h\dit>\idc, a siihstauee 
known as lanugfc and, possessing the g«*neial pmpnties ol wool, 
has heell isolated fiom the til), e. 

# Wool has a greatei* power of icsMing dilute acids than is 
e\hil,ited hv an\ of the ntlu r textile lihn - ahead) mentioned, hut 
sulVeis mole or less eonosioii when t, rated with concentrated 
acids. Thus, it c.uhomse^ wool he left foi several weeks with- 
out neutralising the residual sulphune and fiom the eai honising 
process, it will hr found to ha\e sustained eoiisideiuhle altera- 
tion, evidenced h\ theahnoimal loss m weight expeiiriieed on 
1, Oiling it with watn. Such wool also U haves in a peeuhar 
manner when dved, lnasmneh as it will then rcadilv ahsoih 
methylene green, to, example, which is not tin* case with 
normal wool. 

On tin* ntln*i hand, it has almost entin*l\ lost its af? lit y loi 
acid dxe-stuifs. This ohseivajum. which was fiist made public 
hy the authoi —m tin* first edition of tin* present woi k — toi rued 
the basis of a patent (Fi. Pat.. dls7ll) by tin* liadiscln* Co., m 
w^ich wool, by careful tieatment with concent rtited sulphmic 
acid, undeigoes sticli a change that it can no longer he d\i«l 
with acid dv e-stull's. Il\ weaving this wool* will, uutieated 
wool, fabrics are obtained which will gi\r two-colour elfects in 
a single dye hath. 

A number of methods foi the pmduction oLrirpe effects 
are based on tin; shrinking effect of acids on woM. xtuc salts, 
thio-cyanates or bisulphites bring printed on tin* fabric and 
steamed. 

The adsorptive power of wool for acids is of both theoretical 
and practical value. For example, if wool he treat, si xi a 
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solution of dilute sulphuric acid, it will take up- in proportion 
to the cofyentration ot th<* hath- ^ larger or smaller amount 
of unify which cannot afterwards he completely eliminaUjl hy 
washing with water. Since this adsorption takes place at boil- 
ing heat iih well, it is not surprising that wool morcianted with 
sulphates always contains sulphuric acid. Hydrochloric acid is 
* not adsorbed to the same .extend; and wool Mordanted with tin 
salt contains little or no hydrochloric acid. M 

Concentrated nitric acid stains wool \ellow, xanthoproteic 
acid being formed. # Tliis property is frequently utilised for pro- 
ducing false yellow selvedges in cloth. • 

Chlorine or liypochlorous acid has a very powerful effect on 
wool, the latter absorbing up to .‘Id per c<*nt. of the reagent, anjjl 
suffering an entire change of character, being stained brown, 
losing its felting pioperties, acquiring a hard feel, and in many 
cases assuming a silky appearance, inasmuch as it scioops when 
compressed, and exhibits a greater affinity for dye-stuffs. 

Jiowever, an entirely favourable modification is pi od need in 
wool by the moderated action of liypochlorous acid ; and practical 
use is made of this circumstance — for example, in seeming better 
development of the so-called steam dyes in the printing of woollen 
piece goods. Of late years, this reaction has also been em- 
ployed in the production of the so-called “ silk wool." a product 
o)diibitii,g the above-mentioned properties of silk, and obtained 
by treating wool with an acidified .solution of bleaching powder. 
(Full particulars of the method are given in the directions 
published by the lladische Amlin- und Sodafuhiik.) 

Numerous attempts have been made to utilise in practice the 
changes produced in wool hy eh loring. If wool, treated in this 
way, he woven into fabric with normal wool, a crepe effect can 
be developed hy milling, since the chlored wool has lost its 
felting properties :'aml at the same time, a two-colour effect is 
produced, owing to the increased affinity of the chlored wool for 
dye-stuffs* ( diversely, the affinity of wool for dye-stuff’s can he 
considerably lessened In treatment with alkaline solutions of 
hypochlorites (Fr. Pat.. IHS741). 

Two-colour effects in all-wool fabrics can also he obtained hy 
precipitating metal tan nates on the fibre, and thus greatly lower- 
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ing its affinity for acid ami mordant dys (Peeke and hoi! 
Ger. Pat.. IdTiMij. 

Finally, it may In* mentioned that true wool hair is di^olved 
hy ammoniacal cop|>er oxide in the warm. whereas Uniy. hairs, 
and hairs general. an* destroy'd hut •not dissolved h\ this 
reagent. 

• • 

Goat Woo! and Camel Wool. 

• •• 

In morphological and chemical ehaiactri these textile films 
are closely allied to sheep’s woo], and the partieulais gi\eu with 
regard to that sfllMano* nppk to them also. 

Mohair is the >il k\ hair of the Angola gnat, indigenous to 
\sia Minor^the climart* of which counliN seems faNouiable to 
the growth long silky hair, since the dogs, eats, and rahhits 
there found aie all ooven^l with halt of this kind. Lattcik it 
has liecn found possible to aeelini.iiise the Angora goat m Cape 
Colony also. 

On account of its stillness, mohan is used for making plinth, 
and, hy leason of its handsome lustn*, it is also employ'd m 
tine fabrics, for decorating cloth, and for fancy Nanism place of 
silk. 

Cnder the microscope, mohan is distinguishable by leiiiuikahk 
broad and regulails distnlmted stiutioiis, the scales | thin 
and soi rated. # 

Cashmere. o» Tlnhet wool,. is the soli down ol the (ashmen* 
goat U'djiHi luma hnihfcn, indigenous to Thibet. It forms the 
material for the justly renowned Indian shawls, and, on accpunt 
of # its great softness, is also used in the Kmope&n woollen in- 
dustry, unlink for producing a nap on winter clothing. * 

It is worthy of remark that this wool is moie difficult to d\c 
than that of the sheep. 

Alpaca, Vicuna, and Llama. These fibres aie furnished hy. 
camel-goats, of tin* Auchcnia family , inhabiting the mountains 
of Peru and (’hih. They are mostly of a red -brown to black 
colour, hut are of only minor importance to the Kuropean textile 
industry. # 

It should Ihj noted that the commercial product kno\vn # iih 
vicuna or vigogne is not obtained from the vicuna, hut !h a 
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mixture of wool arid cotton ; further, that an artificial wool, or 
wool substitute, is met with iti commerce under the name of 
alpac^ 

Th»;se exotic wools are frequent!) infested with a micro- » 
organism (ftaalluxuntfiracix), which produces the diseuse known 
as anthrax (wool-sorters disease j in man, and engenders a species 
of typhus in cattle and horses, r. (!onsequentJy, the rooms where 
these wools are sorted should 1 m‘ well ventilated, ynd the sorters 
should wear respirators. 

Camel Wool. l)n account of its strength and softness, camel 
wool has latterly been largely used for making hedco\ers and 
winter clothing. As it cannot he bleached, it is used either in 
the natural colour, or dyed dark hrown m hlack. 

Cow hair. — This fibre being cheap, and possessing a certain — 
though not considerable amount of pelting power, is now some- 
what largely used in the manufacture of coarse blankets and 
bedcovers. 

Wool Substitutes. 

The first experiments on converting woollen rags into fihie 
suitable for spinning were made in England in l.H-lo, the product 
being put on tin* market under the name of shoddy. This in- 
dustry I, ms increased to a vers considerable extent, and, according 
to an old estimate made h\ (1 rot he, about .‘M per cent, of the 
total wool manufactured consists of wool substitutes ; in fact, of 
all the samples of woollens examined by him, mils lo per cent, 
were free from such admixture. At the present, time, the 
quantity of wool substitutes manufactured ami used is far greater. 
Shoddy factoiies now exist in nearly even country in Europe, 
and it is therefore natural that all cheap woollen goods should 
contain wool substitutes; in fact, many low-priced cloths con- 
sist of 70 per cenh, and more, of such materials. On the other 
hand, they can only he used for the under wefts of worsted 
fabrics. 

There are several varieties of wool substitutes, the value of 
which stands in direct relation to the quality of the waste from 
which they are produced. The chief members of the series are 
the 'following : — 
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Shoddy. — This is made of waste ur ni^s fiom pmc unnnlleH 
woollens, thinneK l>edeu\ers # curtams* and also hom K%uU«h 1 ami 
twisted goods. The resulting fibres an- alnmt an inch loi^g, ami 
are sorted according to colour ami fineness, vegetable fibres U-ing 
eliminated ft) carUmising. • # 

Mungo is oht. nurd from milled woollen lags, and U-ing of 
much shorter stapfe than "liodih (}-j mclii is theicloic of less , 
value thaw tha*luttrr. 

Alpaca, or extiact \yn>l, is a long staple substitute liom fine 
unimiled cloth waste, auA general!) contains a good deal of 
Vegetable film* * The ^*lll\ ot the process, theielnic, | ('sides 11) 
the operation of carbonising. 

• Thibet Wool substitute is i eeo\ eh d Im'Uj light cloth waste. 

Cosmos f^bre. This contain" no slurp's wool at all, bring 
made of waste l^om tlax^jule. and lu-mp fahiu-s, it also fie- 
quentl) contains ln^inenisoi hopbine, nettle blue, etc Ib-lgnmi 
aiid Noilh America aie the sole centics nt pioduction. 

In addition to the fmigumg adjuncts, in- is made in Uic 
woollen industrv ol the shmt lilne obtained as a waste pioduet. 
in the "hearing 01 cioppmg ot cloth. I Ins matciial is milled m, 
to tin* extent ol about lit ) pi r cent , on 1 1 1 »* under side of clot It, t he 
opeiatioii be me Know n as *' impirgnai mg ‘ . It ean he detected 
under the microscope h\ the shnitms- ol the lihi'es and Jc their 
truncated ends. 

Testing Wool Substitute-*. -In most cases all that is re- 
quisite is to determine tin* lUnount ol cotton picsent , but in a 
complete aiuUsi" the peuentage « »l water and fat Ithe Ijittri 
Iking usuall) added to facilitate spinning) must* aNo 1 *«* deter- 
mined, and a qualitative test made for "ilk 

It is very important to get a large n-picsmtative sample, 
which should he well mixed togelhel, he|oi e being dl\ idetl Up 
for the various test". 

Wate. i" ascertained by diving a o to 10 grin. sample at a 
little ovei 100 ( '. 

The fat is estimated by extracting a dried sample with pet- 
roleum ether. # 

Tlu* percentage of cotton is found 1»\ digesting a fat-fret* aaiiyiie 
— of at least 10 gims.—for a <juaiter of an hour at boiling 
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temperature in 8' JJ. caustic soda. This dissolves out the wool, 

leaving tlv; cotton behind ft>r weighing after filtration through a 
linen yloth, washing out all the alkali with boiling watei;, and 
drying. * 

Silk, whjch is occasionally present, need only l>* tested for 
qualitatively. This should never be omitted, since, unlike 
• cotton, silk is not removed by carbonising, Itot remains behind 
in. the wool, and will, by reason of its different lUhnity for dye- 
stuffs, cause irregulai it ies in dyeing. The test is performed as 
follows : A sample of the substance is dyed with logwood, 
which stains only the wool, leaving the cotton find silk almost 
unaffected and easily recognised by their lighter shade. A sample 
is then examined for silk under the mierdkeope. Acjd dye-stuffs 
(such as acid black ST, in a strong acetic bath) are also used. 
Examining Fabrics for the Presence of Wool Substitutes. 
With this object, a few fibres are cut from the fabric by the 
aid of a sharp knife and placed under the microscope, whereupon 
the wool substitutes will he recognisable by their shape and 
colour. That the form of these fibres will he different from 
ordinary wool can la* readily understood when it is remembered 
that, in addition to the tearing piocess they have to undergo (in 
the case of shoddy and mungo, at least), the wool substitutes 
have hyen through the finishing process twice over. Hence 
these fibres exhibit ragged ends, owing to the loss of the scales, 
and they are frequently also partly broken in the middle. As, 
however, wool hairs attacked by mould also exhibit a similar 
appearance, care is necessary to prevent confusion. 

Variety of colour is the best indication of the presenee r of 
artificial wool, since, although the different colours are sorted 
out in the making, this cannot he done with perfect accuracy, 
and therefore the fibres of wool substitutes are usually many- 
-coloured, unless, which rarely happens, the material is all white. 
Thus, in examining a red cloth, for example, if it be found to 
contain blue 'and green fibres as well, the presence of wool sub- 
stitutes may In* justifiably assumed. In the case of very dark 
coloured materials the colour should be first partly removed by 
boiling with a weak alkali or dilute acid before making the 
examination. 
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Of course, in the case of coloumt nnxtnre fa lines, ban's of 
more than one colour (usi^illy two* or threei nun l* expected. 
To invent deception it is also advisable to examine the colour of 
the selvedge ; blue cloths, for instance, general!) have tyvllow 
selvedge, afid it may hajijn-n that afew^ians almyst invisible 
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to the naked eye -fiom this selvedge will conn* on to the cloth* 
which will then seem to contain yellow fibres in {he microscope 
sample. In any event, the examination should nt;t 1m* confined 
to a single sample. 

Sometimes the presence of wool substitutes can Im* indirectly 
determined by a qualitative examination of the ash left by # tbe 
material on combustion. Thus, if tin- sample have U*en flyed 
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with ii l’oncoau dye.^and chrome he found in the ash, the 

presence if artificial wool i$ indicated, since, these dyes are never 
fixed Viith chrome salts, and therefore the latter must have t been 
introduced in a wool substitute. 

Conditioning. — As ‘already stated, silk, being art expensive 
and ulso hygroscopic substance, has to have its actual weight 
• determined when sold. This operation is performed in official 
institutions, known as “ conditioning houses,” tlw nuyius oper - 
andi being as follows : 

The parcel of silk is first weighed, after which samples are 
drawn, to the extent of about loOO grins., from different parts of 
the whole. The sample is divided into three puits, two of them 
being weighed to .} grm.and tliyii placed "in the apparatus showyi 
in Fig. M, where they an* dried, until of constant weight, by a 
current of air heated to 1 10 (’. If y[ic resulting weights agree 
to within .} pi*r cent., the average is taken, hut when a greater 
difference exists the third pait of the sample isdiied in the sa the 
Way, ami the mean of tin* three determinations is adapted. The 
standard eommeicial weight is found hy adding II per cent, to 
the dry weight. In the case of mixed yarns of silk and wool the 
standard of permissible moisture is Hi percent, of the dry weight 
of the maleiial. 

Conditioning houses of this kind exist in London, Paris, 
Lyons, Vienna, ('refold, Zurich, Ifiislo, Turin, Milan, Vmiers, 
etc. 

Latterly the custom lias arisen ol conditioning both wool and 
cotton as well as silk, the work being done in ju^t the same 
manner. The ‘officially permitted percentages of moistiue are 
afc follows ; 


For worsted and worsted yarn per cent 

For unwashed wool, i oollen waste, cmnhinKs, and carded 

kV yarn IT 

For eotlon and eotton \ ams sj 

For art i fie nil si) It ... .11 
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Washing and Bleaching. 

Considered, an\ opeiation pei fomed with the object ol 
Sensing a textile fihie at un\ stage of manufactuie 01 unpm\e- 
M jAt may he included in this -vat egot\ nhut. in their mine ir- 
s JBiCted sense, washing and bleaching me trims confined to thr 
jdansing of the textile fibres m theii nude state in older to 
jl^pare them foi the subsequent npriutions of dseing, diessmg, 
4^. Thus, in speaking of wool-washing, the liist piocess ut 
jifrification to which the wool is subjected heloie spinning is 
In fcant, and not the linking of d\ed wool, loi example. 

j Corresponding opeiations are not .tl\\a\s desrnhrd hy tin 
Si f me names in dilTercnt luanchesol the textile industiy . and 
c< pnversely t the same term is differently applied. Thus the tern 
* /cotton bleaching ” comprises the eiitue sei ot opeuilmns eui 
l’Moyed to free the cellulose from all italma|/.ind othu unpuiities 
v mereas, in tl^e case of silk and wool, the term ‘‘bleaching 1 
Applies only the moie restricted sense ol the wool, being con 
Iped to the, operations effecting tin* actual deonloiation of tie 
fjibre. Again, the first cleansing pioeess applied to law niIk is 

[ lot called “washing,” as in thr case of wool, hut is turned 
J scouring,” or “ removing the hast 

i The means or reagents employed lor cleansing tie* lihres also 
•differ considerably, accojding to the nalim* of the lihres m 
question, the stage of manufactuie, and the nature of the im- 
purities to be removed. For instance, one would not* attempt to 
cleanse animal fibres with caustic alkalis, and raw fibre must he 
cleansed in a different manner to that employed for the same 
fibre when dyed. Thus, raw silk is freed frtnn suiem hs 

(7:ii 
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washing with soajf and soda, whereas dyejl silk is niei%ly jh*i n sent 
with water alone, if at all. c y 

Raw wool is also washed with* soap and soda; the ^amc 
materials are likewise used, though in a different way, to free 
the yarn from the oil applied* in the spinning process, whilst the 
dyed pieces are merely rinsed wijfci wi|tcr or cleansed with^ soap 
nrfullei's eaith. Raw cotton is freed from natural impunities 
by ^inagetie treatment wfth citustic alkalis, soda, alkaline earths, 
etc., sometimes also with acids* to remove size. When d ved, 
however, it is mostly washed with water alone, whilst prii ited 
goods aie treated with soj^p, malt, etc. • 

The present chapter deals solely with the purification of the 
law lilacs in their undved state, the \anous washings suhseqi|jen^ 
to dyeing and printing being postponed to a more .suitable jhyrt 
of the hook. ‘ 

The icageiits employed may he divided into two clasaet^td* 
detergents and hleaeliing agents the former comprising watW*, 
soda lye, ammonia, sodium eaihonate, ammonium carlxmafc’hl 
quicklime, magnesia, hvdiochlone acid, sulphuric acid, soil t< 
resin lyes, benzine, oil of turpentine, etc. ( 

The author lakes it for granted that tin* reader is acquainted 
with the piopei ties and examination ot these materials, and wi II 
therefore coniine himself to dealing with water, and that, tom, 
merely from a textile point, of view. t 

Water plays an important pail, not only in washing an. d 
bleaching, hut also in the operations of d\cm^ and printing 
lahiies. Of the various substances that may ho present in watei^, 
the following atone aie of interest to us, n:. . ^ 

1. Solid matters in suspension. 

‘J. Salts of lime and magnesia, which produce “ baldness”. 
Other less common impurities, such as iron, humus acids#' 
alkali carbonates, and sulphuretted hydrogen. j 

# Turbid water containing matteis in suspension must he clar:-^ 
lied before use, hy filtration or settling. Another method of 
clarifying impure water is to boil it with bran and skim off the 
frothy scum. 

Wood shavings form a very g( od filter for impure water. 
Rale and bright dyeings c^n only he obtained when perfectly 
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(er is list'd, because, when d\ed in watei that, is a* all 
# • 
ht fabric will ^ct as u tiltei and ahsdlh the suspended 


lithe washers and tilers point t»f view, the most mi- 

r rolO- • ; 1 

t Hpefect in water is haidness, miuv haid water is unsuitable 

lor t ' vasb * n tf or d\ein^. If s^eh Watei he^isrd tel, sa\. 

, . || textile fibres, the lime ami magnesia present will he 
\\ as in IT • ** * 

tl ft down as insoluble soaps of these metals, anti thus, not 

I .{‘there a cousidei able waste of soup, but the pieeipitawd 
fends, adhere to the fihie aud aie liable to eause spotting. 
^ lbro, rell ‘ b ‘ l haul walei tit foi iW. it nuisi liist he pun 
j I fc one or othyr ol the nuuieioiis kiym n technical methods. 
’ fee cases it is sufficient to tn at the watei with soda. \\luel» 
t| frdow 11 11 hir«je piopoition ol the alkaline eaitle- \ inoie 
■mical plan, howe\n. esp* <^all\ win ft the watei is to he 
j I for scouring silk, is to tiist thifiw down the hieai Inmates of 
^ land magnesia l>\ simple boding, ami then add the soda. 
1 til S inftMn, ' r 51 °f w,) da Is effect* d and the Watei is 

I effectually softened than by the hist named method. 

|lr dyeing, only the so-called tcmpmai) hardness of water 
Juced by tin* bicaihonates of him* and magnesia is injmioijs, 
] >l0< |pt where the dyeing of silk in a hast soap hath is m ipicstiuii. 
Ihich event the soap mas aUn piecipitate the lime and mat;* 
la compounds, pindweine peimanent haidness 
IU ^ lemporary haidness ma\ eause the piecipitatmn of liasie 
j J-Htutfs and mordant d\es, the eolom hasrdtcm*' thiow n down 
. “ |he first case, ipid tie* lime oi magnesia salt of the d\e*stutf 
! 11 /he other ; i.r. with hasie dies the alkaline **uih caibonates 
^ I b >' *he Saline reaction tlie\ impait to the d\e bath, and 
1 jthe other ease by the fnimation ot ins<duhh* salts. In either 
111 ■ent the use of hard watei is attended with a loss of d\e . tjns 

L ' I specially noticeable in the case of d\**in^ with logwood and 
is I , * 

Irious alizarine dyes. In tin* case ol basic d\e-stufls, the 
Jlou v bases precipitated in a lesmous condition* an* liable to 
C lot the fabric permanent!) . 

Hardness in the water does not matter when and d\es an* 
lied, or in mordanting wool, since in tin s** cases acid baths are 
Xed ; only when mordanting .vith cream of tartar does the 
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wat* r n/juiio to he corroded beforehand, since other ,VIse a 
portion of the tartar would he precipitated as calcium t titrate * 
and lost. No harm is caused by hard water* in more 
cotton and silk ; in fact, haid water is preferable to soft foi b*ing 
the mnidant on silk. € 

In order h/ lit hard wa'.-r for dyeing, it is “cOrrecte by 
neutralising the contained carlxinates with an acid, the a nioun ^ 
required being asceitaiucd by titrating a small sample— -about 
litres m a porcelain basin', with decinormal hydrochlori eac id. 
using methyl orange as indicator. In piactice, the acidi 1 use ^ 
aie acetic acid or sulplitiric acid ; oxalic acid cannot be i *‘ coni " 
mended, since, though 't precipitates all the salts of lin ty A,, d 
magnesia m an almost complete manner, the pulverulent ox a bite$ 
aie liable to be deposited on tin* fibre, and are then diflic 1° 
wash off. 9 

It should he an invariable rule to use none but corr L ‘ ( 
water for dyeing, though when an acid dye hath is emp 
the correction o! the water is effected at the same time as : 
acidification of the hat h. 

When the water has been corrected no precipitation of 
dye-stuff wdl ensue fioni the alkaline eaitlis, these being 
in tin* state of acetates or sulphates, of a more strongly 
character than the moidant d\e-stuHs themsehes. 1 

Water containing iion 1 or sulphuretted h)drogui cannot 1 
used for dyeing except under special circumstances ; and fe T 
ginous water is altogether unsuitable for bleaching. Water 
this kind has a deadening clTcct on many bright colours, suclr as 
alizarine red, edehineal scarlet, etc. 1 • 

Water containing sulphuretted hydrogen may exert an j ,n ’ 
jurious influence when used in mordanting with metallic oxidr s 
which gi\c insoluble coloured sulphides. > 

Water exhibiting an acid or alkaline reaction, from the prj' s " 
ence of humus acids or alkaline carbonates respectively, can be 
fitted for use h\ careful neutralisation. 

Purifying Waste Water from Dyeing and Bleachii 1 ? 
Works. This is too wide a subject to be exhaustively de*^ 

1 Tlu* Linde uud Hess privi*ss fur eliminating iron from water has proved 
Httti.sffU'tor'-. 


cted 

oyefi 

the 

the 

now 

tcid 

be 

TU- 



WASHING, HT.KAC HINtS, AM* I \KHuXIMM, . 


.77 


with here, though a brief mention cumurt 1 h* omitted. Tin* best 
method to adopt in dxexxorks is ft) run all the xitrnuis hath 
liquors into a large collecting tank. 1 leie the ditVerent n^udanls 
and dyes precipitate each other, the reaction Unng compjeted by 
an addition of lime. tVuous sulphate. lime and magnesium 
chloride, and a mixture ot giound lignite and alummmin sul- 
phate (Kothe-1 )e«S»nei ) hiixe l**eii found suitable lot purity mg 9 
these elDueittov 

For deeolonsing pyi poses, an addition of aluminium hypo- 
chlorite —a clarified mixt’uir ul alum and iTlr.tclung powder is 
advisable, any 1-\cess ot this leagent bring lendeied mnoeuou* 
by adding fenous sulphate. 

Bleaching Agents. 

By the term*l>leaehmg we umh rstand desti uetion of colour, 
hi the present ease the natuial yellow-brown e.olom of the 
textile fibres in their crude state. w 

The requirements exacted of bleaching agents in practice are 
threefold (1) they imN leallv bleach, t.r. eonseil the yellow 
colour of the ciude film* into a puie white, (2) they must not 
cot rode the lihre ; and (3) they must he cheap. 

Only two chief bleaching agents are known, and^these at 
the same time may serve to repiesent the two gKV'ps into 
which these agents aie di\ided the first is oxygen, the other 
sulphurous acid. In the foinier ease the bleaching idled m 
the result of a distinction ot the cnloui mg matter l»y oxidation ; 
l^ut in the second group the process cannot he expressed hy it 
single word, and, moicover, has not yet hern fully clucidat*d. 
Howexer, to distinguish these bleaching agents from the others, 
they may Ih* termed reducing agents. 

Mention max also he made ol certain 1 substances which, 
though not used as actual bleaching agents, act as dischuigCK 
on dxed fabrics. They, too, destiny colour ; and iv is impossible 
to draw a hard and fast line between them and bleaching agents. 

Finalh, there are various other substances which imparl a 
bluish-white tinge to textile fibres ; these, however, are. not 
bleaching agents hut colorants, tneir action being to mask the 
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natural yellow colour the fibre. Their description will there- 
fore l)i^|)OHi])oned. 

(a) Tjjie Oxidising Bleaching Agents.- -This class includes* 
oxygen jtself, ozone, chlorine, bromine, hypochlorites, peroxides, 
chromic aci^J in the form of potassium bichromate, petmanganic 
acid as potassium permanganate, and potassium ferricyanide. 
Whichever of these substance# be employtfl, their action is 
invariably attributable to nascent oxygen. •« # 

Chlorine acts only in the presence ojj water, perfectly dry 
chlorine having no bleaching action. *The reaction is based on 
the decomposition of water and liberation of oxygen- - 
Cl. + H.O - 2H( 1 + O. 

Bromine acts in a similar manner. • * 

Tlie hypochlorites act by the decomposition of die liberated 
hypoehlorous acid into hydrochloric a#id and oaygen 

lino •: irn + o, 

whence it follows that the activity of these salts can be in- 
creased by an acid setting the li\ poehlorous acid at liberty. 

The peroxides, and also potassium bichromate and potassium 
permanganate, when brought into contact with readily oxidis- 
able bodies, undergo decomposition and liberate 1 oxygen, which 
then acts as a bleach 

1 MX, - 11,0 + 0; Bui). - BaO + O, etc. 

K_,( V.O, K s () 4- ( * rj )., + O t . 

K.,Mn.,() s - K.,0 + 2Mn() + o(). 

AH these bleaching agents act more energetically than oxygen 
itself, because tne ox\gen they liberate is in the nascent state. 
In all cases the presence of water or moisture is indispensable 
for the performance of the bleaching reaction, perfectly dry 
oxygen having no oxidising power. 

Textile fabrics intended for bleaching must first he suitably 1 
cleansed ; otherwise a large proportion of the bleaching agent 
will he consumed in destroying the impurities which can be got 
rid of more effectually and cheaply by the use of soap. 

.Atmospheric Oxygen and Ozone.— The oxygen of the air is 
the oldest bleaching agent known, and is the active ingredient 
in the process of grass bleaching, whicli was formerly employed 
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for cotton and linen, hut* is now almost ^ntiroly con tim'd to life 
latter class of goods. Whether in this process the oaxgen acts 
partly in the condition of ozone 1ms not been dr finitely ascer- 
tained. # 

The decolorising or discharging of dyed» colon in is ;Jso nothing 
etse than a process of oxygen bleaching. 

In recent patented processes by Siemens ami 1 lalske, atmos- 
pheric oxygens ozonised by an electric cum nt. and in this form 
is ustsi for bleaching fibres, principally linen. Die operation is 
]K»rformed in a closed illtiihinated glass chamber, and is claimed 
to occupy only* one-third the time consumed in the ordinary 
glass hleuch. 

# Some oils possess fhe piuperty of ahsoihing almospheric 
oxygen and, under the inlluenee nt liglit, conteiting it into 
ozone. Oil of turpentine js one of these, ami, in addition, exer- 
cises a cleansing effect on textiles, especially in presence of 
water and an alkali ; in fact, a mixtuieof o/omsed tmpentme 
and alkali has been recommended as a bleaching agent 
Depierre and ( h'orgievics. 

Chlorine was formerly used fur bleaching cotton, hut the 
method never attained any practical impoilance. Latterly, this 
reagent has again been advocated h\ seveial, Bieiul and Karrer 
having lecommemled it foi blearhing eottmi on the bobbin. and 
liftykliam of .losefstlml foi Tin* Brin's Oxygen (’oiMpany 

employs a mixture of chlorine ami oxygen for bleaching. 
Finally, it may he mentioned that proposals have been made 
to intensify the bleaching actum of chlonne by the influence of 
the electric current as applied to oxygen by tin* Siemens and 
Halske method. 

Bromine has lieen recommended for bleaching Tussah silk, 
the excess of reagent being afterwaids lemoved by the aid of a 
sulphite, which, in turn, is eliminated by an acid hath. 

Bleaching powder, or “chloride of lime," is one of the oldest 
and most important of the bleaching agents. According to 

H 

Ditz, it consists of a variable mixture of Ca .H.O and 

0(1 “ 


on 

Ca .H,0. 

ci • 



*H9 TflK CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 

% • 1 

JJleaching powder is the main bleaching agent used for all the 

vegetable textile fibres except jute; but, like chlorine or other 
hypochlorites, is unsuitable for animal fibres. It must be stored 
in vvel ^-closed vessels, in a cool place, since otherwise it under- 
goes rapid decomposition. c 

Particular care is necessary in dissolving this reagent in watef, 

it being essential to avoid head, or decomposition will ensue. 

Tlie solution should be perfectly clear and free from particles in 

suspension, since these would be deposited on the fibre to Ir* 

blenched and produce "super oxidation/' i.c. not only destroy 

the coloming matter of the fibre, but convert the cellulose into 

✓ 

oxycellulose. As the latter lias a greater allinity than t hi* former 
for dye-stuffs, tin* result would be to form dark spots impossible 
to eliminate. In cotton-printing these oxycellulose spots turn 
brown When steamed, and the fibre, exhibits more or less corro- 
sion. If bleaching powder be treated with too much water at 
first it forms lumps that cannot be afterwards reduced. Con- 
Hequently the powder, after being passed through a crushing 
mill, is first carefully mixed to a paste with a small quantity of 
water, and then treated with enough water to form the solution. 
It is advisable to list* two stone tanks for this operation, the 
solution being prepared m the one and poured, when clear, into 
the second, where it is reduced to the proper strength. The. 
common practice of recording the strength of bleaching powder 
solutions in degrees of the Heaume hydrometer is irrational, 
since whilst the useless substances present, such as calcium 
hydroxide, calcium chloride, etc., increase the density of tin* 
solution, the active free chlorine has tin* contrary effect. Hence 
the density is no criterion at all of the real strength of the solu- 
tion. In fact, this can only be ascertained by chemical means, 
e.ij. titration with potassium iodide, sodium hyposulphite, and 
starch paste, or with arsenious acid (IVnot’s solution). The 
proper strength of solution to use for bleaching depends mainly 
on the nature of the libres under treatment, their capacity for 
resisting the action of bleaching powder varying. Cotton is the 
least susceptible of nil ; nevertheless care is required even in 
thjs ease. The " chemicking," as the bleaching with chloride of 
lime is called, is the most risky operation of the whole bleaching 
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process, because h « to tin* collision ot : h^* tilue is most lik«*l\ to 
occur. In pi.u-iiiv tin* stum^th ot* solution used muii^ fiom 
* 0*2 io L>\ W. * 

Whon a tibrous material, iuif >i v^uati d w it h dissolved bl^achm^ 
]K)\N«lt*r, is?\\poSed to till*. 111. till* Mi'.irlllfti! ollri I Is lJielCHSrd 111 
comparison with tin* action piodured when tin- same is mcn*l\ 
lclt iminci sril in flic lupnd. th< 4 ioimhi toi this heme that the 
h\ pochlo^ou^Mci'l is liheiated In the rai hon dioxide m the nil 
Fahiics impre^nati d w^ith such a solution must not hr exposed 
to direct sunlight, or the bxidisiuv: action ot l he bleach will he 
SO strong as to Tonode the nine and irdiirr its slienuth. 

fills method ot iminelsion and eXpnsiue, howevei, Is olds 
jy ae list'd m the ease of some lain u*s w iia h .in' to he sold in the 
und\ed s!at«^ the Usllll Method heill^ t « > steep the lain if loi 
seveial horns m a weak solution of bleaching powdei 

MoieoVei , it must he leliiemheied that sunple Washing with 
writer is nisuHieient to entuvl\ H'liimc the Me.iclim^ powdei 
solution from the lihie and consequent l\ them.iteual must J»e 
aftei w'aids souied in an acid hath, m , m t In* cast ot household 
linens, treated with an “ autiehloi , ’ Minvnihi-iWN 1 t In* lihie w til 
he more oi less weakened m eonisi* ot tune 

l-’inallx, hleaehm.e powdei an hi iisi d m the lnauutaeime 
of othei )w ])oehii>ntes , aluminium h\ poehhu it •*. lor example, 
helii^j prepaied In in atin^ bleaching powder solution wiMi dum. 

Sodium hypochlorite. This eompound is piepaod lm 
hh.-achine purposes In acting on bleaching powdei with sodium 
carbonate. 

'Hus salt is gentler in its ae’ion than the lulu* eompound, 
prohahlv because the luttei -OWIIIL' to tile |e-»s lead) solid) llt\ 
of calcium caibonaU*-- is more ea-uh d< composed In atmos- 
pheric carhon dioxide, and the liheiated h\ pocldmous acid 
comes into action mole enei ;»eticall) th.m in File ease of sodium 
h) pochlonte. Fui tins n-asoii no weakening of tie- Idnc oeems 
in hleachine with the sodium salt, ihoueli almost me\itahle 
when bleaching powdei is used. Olhei advantages of thefoimer 
are that it do* - ** not haiden the lihie, and that the acid hath, aftei 
hlcachine, is dispensed with, the i cadent beino easily removed 
hv a simple rinsing m water. 

• I) 
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Again, the bleaching process goes oil bettor by simple immer- 
sion in tie sodium hypotfhloi ite solution than in the usual 
method practic'd when bleaching powder is used. Not only 
does podium hypochloi ite form the most important bleaching i 
agent for jjite, hut its use for cottons has grown mow and more 
in favour of late an extension that may he expected to con- 
tinue to the (mtire suppression of bleaching powder, ow ing to 
tile ease with which the sodium salt can he piopaied by elec- 
trolytic methods, the product being cheaper (piovided motive 
power he asailahle at a reasonable cdst) and alwa\s obtainable 
ol constant st, length. • 

0 

The various forms ol electiohtie apparatus used m the pin- 
duction of sodium hypochlorite differ troln each otliyr in detaijs 
of construction alone, the method of woiking heiyg piacticalls 
the same in all. A 7 to Mi per cent, solution ol common salt is 
employed, which is kept at a temperatuie ol ‘2 1 to 2d C. dining 
the clectioh tic process. Foi this purpose the solution is cir- 
culated by means of a pump, which tianspmts the lupnd fiom 
the electmlyser into a cooling tank and hack again. This 
operation is repeated until lilt' solution has attained the desiied 
percentage of active chlonne. In most cases the electiohscr is 
divided up into cells, so that the liquid has to take a de\ious 
course. Kellner uses platinmu-ii idiutn electiodes; Schoop, 
platinum-iridium and carbon; l\ass and Oetlel, electiodes ol 
material resembling carbon. 

Ammonium hypochlorite has been proposed foi bleaching 
Tussali silk; and aluminium hypochlorite and magnesium 
hypochlorite Ifave also been recommended as bleaching agents. 

* Hydrogen Peroxide is the best bleaching agent, and can be 
recommended for all kinds of fibre, as well as for removing stains, 
and for bleaching tin* hair. It possesses the great advantage 
over all its competitors, that it docs not attack the tibre in any 
way; hut it is too expensive for general use. Fp to the present 
its chief application has been in the bleaching of wool, and here 
it exhibits the decided advantage of producing permanent de- 
coloration, which was hitherto unattainable by the use of sul- 
phur. Nevertheless, hydrogen peroxide alone is incapable of 
furnishing a perfectly pure white. 
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Hydrogen peroxide jh'mel with in coyimeice us tin aqueous 
solution, containing l'.’i pci rent. of Active ow^rn, tin* solution 
bein^of 1‘2 permit, (vol.) strength. It is lather unstable. and 
i must therefore he stoied in the daik ; an addition o! ^Ivyeruu*. 
however, is* said to increase its stabihl) .• The stieu^th ot the 
solution is ascertained h\ titration with potassium peiiuau^an- 
ate, or with potassium iodide •ami sodium h\ poelilonte. It 
should lx; assure as possible, since impurities like alumina, 
bant a, magnesia, etc., ipav exert a ratal) t u* decomposing action. 
For this reason it cannot 1»r stoied m metallic \esseU, though 
the heating coiK may be of lead. lion nails in the bleaching 
vessel, as also atmospheiic dust, exnt a ratal) sim<> mlluenee 
oy hulioern peioxide. • For this leiison, the bleaching \essrls 
must he covered up, and they must also he bleached out, when 
new, before Use. In drai^iin^ ^ootls containing h\dio^en per- 
oxide, the lndro-exiracloi s must he lined with a cloth, to pre- 
vent direct contact with the metal. Fiom what lias a heady 


been said, it will he self-e\ident that even the water used f*>i 
diluting tie 1 h\ dromon peroxide must he pure. 

Alkaline solutions of this reagent aie p.uticulail) unstable, 
and consequent!) these alone an- employ'd in hhachin^, the 
oxidising action brine ntheiwise too '•low. The modus nju'nindi 
is as follows The commeieial solution ol peioxide is # dib ted 
•vith two to ten \nlumes of water, and. helme list', receiw 1 an 
addition of l J0 ^mis, of ammonia per litre (ot pnoxide). The 
strength depends on the nature ot the material under treatment, 
the concentration brine the ei # eatrr in projM)rtion as the latter is 
the more ditlicult to bleach. » 

The bleaching etVect produced by hytrngeii peioxide also 
depends to a considerable extent on the alkali used. Sodium 
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out, ami the stuff left exposed to Mm air for some time. 

This treatment is repeats us often as necessary, cure being 
taken # to exclude dust. More uniform blenching, however, i5 
obtained by leaving the matei ial in the bleacher. 

The following method has of lute been largely used for bleach- 
ing woollens, especially for mousselines that are to he after- 
wards printed : Tin; suitably cleaned gooift are entered, full 
width, in a hath of hydrogen peroxide (diluted ujth t # wo to ten 
parts of water, and containing an addition of ammonia), after 
leaving which they are rolled on u* wooden roller and left for 
twenty-four hours, covered up with damy nettle. The fabric is 
next washed, passed through a hath of .TV Ji. (diluted with two 
to ten times its volume of water, according to requirements, jjs 
determined by experiment for each class of material), then 
rolled up and left as long as before^ On unrolling the fabric, 
it is dried, passed through a weak acid hath (1 B. hydrochloric 
acid), and finally washed. This method furnishes an excellent 
wAiit 

Sulphuring in a sulphur chamber may he practised instead 
of the bisulphite method. This after-treatment both gives a 
belter white and also improves the feel of the goods. 

Processes for bleaching vegetable fibres with hydrogen pei- 
oxide base frequently been brought forward by 11. Koech- 
1 in), hilt, up to the present, they have, for economic reasons, 
not been adopted. 

Sodium Peroxide. 'Phis new bleaching agent is manufac- 
tured by the Aluminium (ompady, Ltd., London, etc., and is 
prepared by passing air -freed from caihon dioxide at a 
temperature of MO (\ over metallic sodium contained in alu- 
minium vessels. 

ai.The commercial product contains about thirteen limes as much 
c ^Cive oxygen as hydrogen peroxide, and is only recommended 
or ft,; leaching animal fibres. Some precaution is necessary in 
its appV^diAn, s *nce it hisses and disengages considerable heat 
when dissolved in water; and if brought suddenly into contact 
with a quantity of that liquid is liable to produce an ex- 

plosion. TVn* storage receptacles must therefore he kept tightly 

closed >»' * ,h 'y r00 "'- 
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The bleaching vessel is first churgiyl \\ ith the ivi|\ii?«iu* quan- 
Vt v of water, which should lu* as cold as possible, and* with 
suflicfbnt sulphuric acid to neutralise the peroxide (the amount 
of which has been previously ascertained l>\ a preluninaA 1 1 ml 
\xwth materials of the saint 1 kind as those to he hleacfted). The 
peroxide is added Jjy degrees and Mined in. The inaction of 
the bath is tested with litmus paper, and should he neutial, or 
only faintly alkaline, a little ammonia or water glass hem*' added 
if the liquor is acid. 1 TJie goods to he bleached are then 
entered, and the hath is slowly heated to a minpeiatuie not ex- 
ceeding SO (\ (17b I’.f, lower being adnsable. The goods aie 

left in the hath foi 2 to 4 hours, then treated with water stionglv 

• ■ 

iwfidilied with sulj)huric acid, and afterwaids ihoioughlv washed 
and lined. • 

Barium Peroxide semft for bleaching Tussah silk, and was 
also lecommendod by Mulleins for bleaching cotton In using 
this substance, however, the tact that n contains barium 
hydroxide a strong alkali capable of conoding animal fibres* 
must not be forgotten ; and it should therefore he washed with 
water before use. The commercial product eontains N )»• t cent, 
of active oxygen. 

Potassium Permanganate. This substance is a \rry 
pOW el fill oxidising agent, and IS frequently Used loi tills £ 1 , pose 
in the laboratory. It must he kept in closed vessels, away 
from the light, and its solutions uie leudily decomposed. 

Hleacheis make use ot this^alt foi treating wool, jute, stiaw, 
leather, etc., the mode of application being us follows . Die 
material to he bleached is first treated with a dilute solution ot 
lukewarm permanganate, until the colour tin ns to blow n (tot mil- 
lion of potassium manganate}. In bleaching animal lilacs this 
solution receixes an addition of magnesium toil] hate, which, 
hv forming magnesium hydroxide (insoluble) and pntammm 
sulphate, prevents the corrosion of the libre otherwise resulting 
from the formation of caustic potash. To remove the brown 
coloration the material is next treated with a cold dilute solution 
of bisulphite, or a similar solution of sulphurous acid and liorasf 
(prepared by saturating dissolved borax with sulphur dioxiije), 
and finally washiry; in slightly acid xvatei , followed by pure water. 
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Owing^ to it h cbriipucfis this method in largely used for 
wooKciih, hut far loss fnM|iiently than the sulphur process de- 
scribed below. The permanganate method is very serviceable 
whorf* stained woolhyi goods are to he tieated with a view to 
render tlfem lit for sale, if only as inferior goods. It is also 
useful in bleaching jute, ami is actually # omployed for that 
purpose. 

Potassium Bichromate, in conjunction with sulphuric acid, 
has a veiy powered oxidising ellect, add i>, used for bleaching 
oils, stiaw, etc., though not for textile fibres. # It has been re- 
commended for jute, hut is unsuitable, ;ts it attacks the fibre. 

Owing to its property of destroying ^he colour ol indigo, it is 
used as a discharge in him* printing (</.r.). * 

Potassium Ferricynnide has been proposed h\ Kassner as 
ahleacli for textiles, and, as a matted of fact, itM bleaching action 
is very powerful in alkaline solutions, potu-sium leiroc\anide 
being formed. Nevertheless, the onl\ use made of this piu- 
perty at present is in discharging indigo. 

{!>) The Reducing Bleaching Agents. 'Phis clu^s compi ises 
free sulphurous acid, bisulphite, and hydrosulphumus acid. 

'Phe bleaching action of these substances is not vet fully 
elucidated, hut is assumed to consist in a i eduction of the pig- 
mentary matter to its letieo compound, and in tin* combination 
of this latter to form a colourless substance. This hypothe- 
sis is apparently favoured by the fact that animal substances 
bleached with sulphurous acid kave a tendency to levert to a 
yellow shade, especially after being treated with alkalis, thus 
•showing that the colour was not really destroyed in tin* first 
place, hut converted into a colourless compound, which in time 
has become decomposed and allowed the original colour to re- 
appear. * 

This phenomenon is most clearly shown in the case of goods 
that have Iveu bleached with fret' sulphurous acid. In addition 
to animal fibres, jute is often bleached by this class of reagent. 

Sulphurous Acid is used either in the gaseous form or as an 
aqueous solution of bisulphite, the former being the one most in 
use. Aqueous solutions of the gas are the least adapted for 
bleaching, being always contaminated with sulphuric acid. 
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Wool and ‘•ilk are generally hleaclwsl with gaseous sidphuious 
Jtcid in so-called " sulphur chambers," which an* spacfousju ich- 
workfchamhers, fitted with prep holes f* u* inspecting the^ooiU. 
the latter heme hime on supports inside. Tin* sulphur i^plaml 
ill iron pots, oi m sunken hnek pans, which can he t>i horn the 
outside. To hc^ii^ hleachine. the sulphur is ignited, the doois, 
etc., are closed. and the eoods letl exposed to the MilphilloU> 
fumes. 

The quantity of sulfdup’ used must hear ;* cei tain piopoition 
to tin* si/e ol the chamber, m Older tlial a sulhcient supply of 
oxygen tor the coml)Us#ion ol the sidphm ma\ he a\ailahle. The 
volume ot oxseeii at disposal fortius pm pose can he n*add\ ral- 
ctilated liom the cubical capacity ot the chamhei. and a consider* 
alile mat I'm toi excess ol the actual iequuem« uls must he allowed 
tor in piactice. #Should tAie ox\^i*n he instillment for complete 
combustion, the sulphur ceases to hum and sublimation ieadil\ 
ensues, with the lesidt that the eoods p*t stained with \ellow 
patches that cannot he alterwatds ehmmaied. T ipievent tlhs 
evil the sulplllll pans should he COM-led With a sheet of lead, or 
witli telt laid ovei a wooden end. 

The aseiaee consumption ol siilphm leipmed to bleach 
woollens is b to S pel cent., oi fol silk o pi |* cent . of the Weight 
ot lliateil.ll t lea ted. Theopeiatlon eeneialk takes s|\|0 l^'lit 
houis, hut must he jepeaied tlnee or tom times, acconh no to 
requirements. 

To prevent condensation :ynd the consequent spotting ol the 
eoods hy dtoppin^s, a numher of heating-plates oi steam-pipes 
urc arranged under the ceding of the chamher, and a chimney 
with a rood di aught is pi muled l<u can \ me n |f the sulphur 
fumes after the bleaching j s tmished. 

The sulphur chamher should he entnel^ free fiom non 
fittings, since the sulphur tnoxide mvanahk pi od need when 
sulphur is hurned unites with the moisture picsenj, thus form- 
ing sulphuric acid, winch would nisi the non. 

Idke all other hleaehme agents, sulphurous acid requires the 
presence of water in order that the i faction ma\ occur at alK: 
consequently the goods must hi- intioduecd in a damp spite 
into the chamher. 
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Light gpods, especially those for printing, are bleached by the 
continuous process, the apparatus used being of the same type 
« as the first steamer employed in calico-printing. In large works 
two sets of apparatus aie mounted side by side ; the goods are 
entered diwup and are carried onwaid over i oilers* tilted witji 
hardened lead pins. The passage through the chamber occupies 
• ten minutes ; and light goods’ are put through twice, heavy 
articles three times. *• . 

In addition to tlq* moie seiious defect iof the sulphur bleach- 
ing process, ri”. yellowing, it is also attended with the following 
disadvantages, the sulphuric acid, always foniied, retards the 
bleaching action of the sulphurous acid, and may also be a source 
of danger to cotton in mixed fabrics; and tie* process makes 
the wool harsh, though this can be lemedied liyta treatment 
with warm soap and water atterwanlc. Ntivci^helrss, owing to 
its cheapness and the beautiful white it produces, the sulphur 
method is still the one most largely used in bleaching animal 
fllh-es. 

Sodium bisulphite (NallSO j is more generally used for 
bleaching on a small scale, and especially in pi epai ing goods 
for dyeing light shades or lor printing (woollens). Their are 
two methods of procedure in tin* case of varus either the 
goods a,*e immersed in a solution of tin* bisulphite and hydro- 
chloric acid, or else they are treated with the bisulphite lirst 
and the acid after. The lirst is tin* one most practised, and, 
as a matter of fact, is equivalent Jo bleaching with an aqueous 
solution of sulphurous acid. The goods are left to soak for 
several hours in a weak solution of bisulphite, containing a 
corresponding quantity of hydrochloric, acid, and are then 
washed, tin* process being repeated if necessary. When the 
bisulphite and acjd are used separately, the goods are steeped 
•* for some time, <*.</. overnight, in a fairly strong (about 20 B.) 
solution ol bisulphite, after which they are passed through 
very dilute hydrochloric acid, and are finally washed with 
water. 

, In bleaching woollen piece goods for printing, they are first 
washed with soda and soap, then padded on the jigger with 
a solution of 1 part by weight of bisulphite (35 B.) and about 
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3 parts of water; after which the\ are lylt, i oiled up # for one to 
# t\vo days and soured. # • # 

Hydrosulphite. Hsdrosulphmous and. a leductum ^induct# 
of sulphurous acid, was recognised, h\ its discoverer, S^Jiutzcn- 
JwirgtM*, as # an excellent reducing agent, *and was recommended 
hv him for rendering indigo soluble in \at dveing. Tlie sodium 
salt is obtained l»v the action of zinc on sodium bisulphite. aiv « 
cording 4o tlV equation 

1 N a 1 1 Si ) , f Zn 4 * N 4 ,S,( ), + Nu.SO, ♦ ZuSO. t ‘J 11.0 


Sodium hxdioMilplute. 


The following recijie tor its piepuration is gi\cn l »\ the 
ltadisehe Anilin A Sodafaluik. 130 ^rniv of /.mr dust. previ- 
ously madetinto a panic with about 7(1 e c ot wain, an* slowly 
added to 1 litre«>f bisul [date (3.S to I0 J l» Land stilled in, along 
withhold water ty ice. The opeiatiou is hcM peifonm*d in a 
wooden vessel fitted with mechanical Mmeis. Alter agitation 
for twenty minutes longer, the solid ion is 1 • *1 1 to stand Iordan 
liour, whereupon liOO c.c. of milk ol lime (‘JO per cent, sticiigth) 
me slowly Mined in. Alter standing for two boms, the clear 
solution is drawn olV fiom tlie sediment and stored in casks. 
If kepi in closed vessels, this solution will n*inaiu loj several 
Weeks without any appieeiable decomposition. I 

In tile above method of piepaiation however, the process is 
impel tect, as can hi* seen from the equation. A hetlei Yield is 
obtained by adding sulphui^us acid, JNallSO, I- Zn -1- Si > , - 
Na.S,!), + ZnSOj + 11.0. 

Sodium hydrosulphite is an unstable compound, which wall 
keep for hut a slant time in solution, and then only if out of 
contact with air. It decnnqxjsi s m accoidance with the 1 qua- 
lions — • 


2Na.S,0 4 + 11,0 - Na.S.O. -f JNallSO ', 
Na,S,() 4 -f 2 N a 1 1 S( ) . - JNaSo, + }!,*,<>,. 


Free hydiosulphmous acid is still moie unstable. 

Bernthscii, who ascertained Na.,S,0 4 to he the formula # of 
sodium hydrosulphiU*, was the first to prepare this substance in 
the pure, crystalline condition, by salting out from its solutions. 
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In thin foyn it contains 2 molecules of water, which, from its 
behaviour, ‘appears to he present as water of constitution. , 

• Since* hylromilphitc is well adapted, not only for use iif vat 
dyeing, .hut also as a discharge for many d\es which can only be 
discharged «with diHicuUy, if at all, hy otlier agents, many en* 
dcavours have been made to ohlam it in a stable form. Tin* 

• preparation ol the sparingly soluble zinc h\drosulphite, known 
in commerce as 1 1 ydiosulphite X the Fiench “ Ke'fo ” S a /me- 
sodium hydrosulphip* only solved the prtdricm m an imperfect 
manner. Later, however, the chemists of tin* Badische Auiliii 
& Kodafabrik found that the stability of sodium h\diosulphitc 
was greatly increased by merely expelling the water from the 
solid salt which is effected by heating it along with alcohol! 
A prepaiation of this kind, in admixture with caustic soda and 
glycerine, is sold as Itongalite B (Kiidite B), tfiud is a more 
ellicient dis<dmrge than the ordinal) salt, tfodium Indiosul* 
pliite can also he salted out, with caustic soda, in a \eiy stable 
form. 

The most, impoitant discovery, however, was that made b\ 
the chemists (( ’h. Schwarz, L. Baumann, Sunder and Tin smar) 
of the Ztiinlel calico-pi inting works, mime]) , that w lien combined 
with fortnaldehvde, sodium hyliosulphite is both more stable and 
a better jhsehuige. since owing to its greater stabihtv it does 
not exert its i educing action until it vaporises. 'Phis compound 
is sold as 1 1 ydiosulphite N F (Farbwerke Mochst) and I Ivdialdite 
(Cassella). t 

('loser investigation of this substance revealed an unsuspected 
fact, namely, that it consists of two compounds, formaldehvde 
bisulphite and tin* formaldehyde compound of a hitherto un- 
known form of sulphurous acid, the so-called sodium sulphoxy- 
lute. NallSO., . C\[t) -H ill i ,\ , ".Inch is tin* most powerful 
-gent Kiim.h. 'Phis is put on the market as Rongalite 
C (B.A.S.F.) ; Jl ydiosulphite F extra (M.L.Br.), and Hylialdite 
C extra (( \). 

These preparations tpiickl) attained considerable importance 
in* discharge printing, especial!) after tin* discovery that their 
action can he greatly increaseil hy small additions of a variety of 
substances. First of illicit was found by Baumann and Thesmar 
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that even the highly resistant naphthvdamine hordyaux can Ive 
• discharged to a pure white hy ;ufding an alkaline 9 soUilion of 
irort to tin* hvdrosulphite dischaigo. Then )t was di^covensk 
hy 1 *. Wilhelm, thill the same result can he oht.iinei! m a more 
•ellicient manner hv the addition of ceitain dve-smtVs, such as 
nitroalizarme, indigocaiiume, ete. The best n-Milis nn* given 
hy Setopalm, Patent Pine \’ and mduline seailet. added to the* 
hvdroMflphfte ; and mixtures oi this kind aie met with under 
the names Ilvdrnsuljdit^e N I*' (’one specwj (M.P.lh.) . Il\dml- 
dite special ((’.}, and Uongahte special i P.A S l\ i 

It has also been fimnd that a large numhei of Inghlv diver' 
gent suhstanees. such as aiomatie amines, ainmoiimin has* s, 
'anthraijmuone. '27 naphthol sulphome and (contained m 
naphthol H). solidogen. 1 aie capable of augmenting the minc- 
ing power of UdlnslilplAte Most of these suhstanees pmlmhly 
have a eatalv tie. action In tin* ease of antln aipmume, N. 
]’lano\sk\ has shown that it is transformed I »\ hsdi osulphite 
into a reduction pmducl (piobahlv ox ant hiam>| |. w Inch is a ifmi e 
energetic iedm:er than hvdrosulphite itself. 

Finally, it mav he mentioned that nimpmiiids ol hvdroMil- 
phite or sulphow late with acetone have he< u prepaied ( M . L. Hr ), 
which, m manv instances, form hetier ilisehaiges than the cor- 
responding tormaldehvdc compounds. j 

Kallah pioposed toemplov hv dn»sulphite as a hhaeliieg agent 
in the nairower sense of the t»nm, hut this has not been 
adopted m practice. It <*.411 he used m just the same way as 
bisulphite, except that the hath is son led with acetic acid in- 
stead of sulphuric acid. In this case also, bleaching can he 
combined with blueing, th • inatei ial being enteied first into a 
suspension of indigo, and then into lie* bleaching hath. \fler 
remaining several hours 111 the latter u is exposed to the air for 
a short time and washed with a weak solution and fiuallv vvitn 
water. 

11 ydrosulphil** is very suitable for shipping dyings. 

Tin salt, which also belongs to the discharges, will hi* dealt 
with along with the mordants. ' 

1 A solidogen, the oxalate of anhv^lroform anilide, i'* sf »M an r.«lof/rr> 
(M.L.Hr.i. 
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Cotton-Bleaching:. 


• In tht bleaching of cotton goods, the first question arising is 
the clas# of impurities present, and to what extent these are to 
he eradicated. In ad«/Uion to the natural impurities, those^ 
artificially in trod! iced in the dressing process, for example- 

fi have also to lie considered. A piece of cotton fabric coming 
direct from the loom will alwavs be cleaner and di ‘Terentiy 


bleached than one t^iat has been used as*a hacking in calico- 
printing, and therefore contains mordants, dye-studs, etc., be- 
sides the natural impurities of the fibre, ^gain, goods that are 
to he dyed in dark shades will require different treatment to those 
intended for pink, light blur, or white. * 

Finally, there arises the question whether fly bleached 
material shall tnerels appear to he dyan and white, or shall 
really he so. In the former event, the actual Jileaching process 
may he dispensed with, the suitably prepared goods being blued, 
to mask the yellow colour of the raw cotton and turn tin* same 


into a fine, slightly bluish white. On the other hand, cottons 
to lie afterwards printed must lx* bleached and cleaned in the 
most thorough manner possible, any residual impurities pre- 
venting the production of a first-class printed article. 

Another point, that must he borne in mind m earning out 
tilt* various manipulations the goods have to iindeigo is the 
nature of the fabrics themselves. For example, curtains, lace 
goods, and similar light fabrics must not lx* subjected to any 
tension or rigid pressure in the machines, and for this reason 
they must he handled tendeily. boded as little as possible, 
washed loose, drained by squeezing between rubber rollers in 
the wringer, and so on. This also applies to raised goods, in 
which materials the lav of the nap lias likewise to he considered, 
the goods must always pass through the machines in one 
direction, that of the pile, and never the other way about. In 
bleaching these goods, the operation of liming may he omitted, 
the lime having a hardening eflect on tin* fibre, and inijiedmg 
the subsequent operation of raising. 

Formerly the bleaching of cotton was performed in such a 
manner that the goods, after a treatment with potash lye (from 
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wood ashes) were ui JV#i rised hv thc # aetion ol atmospheric 
oxygen (** grass bleaching ‘Y these fwo operations l»ting^seveia] 
tiling repeated, and supplement \ 1 \ a pioc t'sS of soaring h\ # 
immersion in sour milk. The bleaching process under these 
condilion*#lasted one and a half to thr^e moifjhs ni the ease ot 
cotton, and twice as long for linen goods. 

This primitive 1 method contained the ^-rni of the nuKiTT.'j 
processes of Jdeaching. all of which, however highlv de\ eloped, 
comprise the three in^iii operations of treatment with alkaline 
reagents (tile so-called "tmwkmg *'), the actual bleach, and the 
employ meiit of acids 

The substances to he removed Iroin the lilne h\ bleaching are 
;he natural and the Adventitious itnpunties, the foimer com- 
prising inc^istating substances, (at. wax, yellow pigment, etc. ; 
wliilst the others includ*^ the dieting matei iaU applied to nil* 
part greater stillness to the lilne, and so laeihtate the operations 
of spinning and wea\ ing these an* mostly mineial substances 
and also mordants, d\e-stutls, etc , in tie 1 case ot piece go#a|s 
that have been used as hacking in calico punting. 

It was quickly recognised that (he fiist-named siihstanees 
could he got nd of by lnaling with alkaline leagenls, and that 
the pigmentary matter ol the law cotton could he deployed hy 
means of bleaching powder, provided the greater portion -it the 
mineral impurities had been pre\ iously removed. (’onset icntly 
dressed cottons are either tiist steeped for some tune m water, 
or. preferably, freed from the dieting hy tieatment with 
acids. % 

Hv boiling with lime the organic impurities ctn he converted 
into compounds that can then he leadily dissolved and removed 
hy hotline with ^oda and resin soap, the action ol lime therefore 
Indue merely pieparatory, and nut actually one of cleansing; 
as a matter of fact, the goods are far darker m colour after 
liming than they w**re at first. 'I'he chemistry of this operation 
is still involved in some obscurity , probably the lime decom- 
poses the pre-existing fats to form a bine soap, and converts 
the other organic matters into saccharine compounds pi- 
aldehydes, this view being countenanced hy the discovery < 
Thies, who found that cotton treated with alkaline earth acqe or 
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stYongly reducing properties. The ajJuMiymg (“ souring ”) pro- 
cess lifter diming certainly 'decomposes t lie organic lime com- 
^poinid^ and enables thf f l^Tiu-d ’ fatty acids and olhe r orgf&nic* 
ImmUcs ^to ho brought lllt0 solution l>\ the subsequent lioiling 
"with soda and »^. sm J\*s. At this stage the goods are already 
almost ]><‘ neetly clean, and their faint yellow colour can now la* 
/,L*:pJ h royrsl hy treatment with bleaching powdlr, the latter being 
then eliminated hy the aid of an acid hath, follow eil h\ # washing 
with water. ( 

The foregoing is aVrief sketch of thelnodern bleaching process, 
which therefore consists of the following operations: (If 
boiling with lime; (‘J) smiling; (d) boiling with soda and resin 
soap; (*l) bleaching with chloride of lime* (oj souring. f 

That each of the operations is succeeded by ij rinsing in 
water goes without saying. 

Latterly, it has been found that the operations ot boiling 
with lime and soda-resin soap can be udvanlugemisl> leplaced 
liVnhoiling with soda l\e. Many difficulties weie, however 
encountered in introducing this liberation. In th»* lirst place, 
the lye must he weak, because strong l\e mercerises and also 
weakens the fibre. Koechlin proposed to aid the aetion of weak 
alkali by steaming the steeped goods, hut this method damaged 
the libre, and the proposal was theiefore devoid of practical 
value. 

Nevertheless, it is possible to cleanse cotton in an excellent 
manner, without tin* slightest injur), b\ the use of strong soda 
lye. The credit of uniting the various factors heio concerned 
into a technically practicable method belongs to H. Thies and 
K. Ilerhig, who found that impregnation with alkaline earths 
protected tin* cotton •from mercerisation during subsequent 
boiling with strong soda lye, provided the treatment were per- 
formed in the ahsehee of air, both in the kierand in the material. 

The cleansing action of strong lye is so complete that the 
Thies- Ilerhig process must he characterised as tin* most im- 
portant improvement made in the bleaching of cottons. Its 
value is further increased hy the fact that it is also applicable 
to other kinds of vegetable fibres. 
mam 1 * connection with modifications of the bowking process, it 
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oil, or a sulphide, is frequently mhMI. * 

• Tly* proposal to add benzine and other detriment substances 
to the bowking liquor has not Net been adopted m practice. 

The actual operation ot bleaching ha* not siiih>it;d any im- 
portant alterations, notw ithstandmg the miiueiuiis pioposals 
made Irom time ^o time; and, tor the most pail, bleaching 
pow der continues to he used, the method of application being 
that already described ( It is, howe\cr, in main eases icplaoed 
with ad\antagc by a purer 1 form of solium h\ poehlonte. 

To turn nowto the details of the bleaching pioeess.it may 
he premised that cotton is bleached, almost e\eliisi\e1\ . in the 
condition ot vain or’ cloth, the only exceptions being the 
bleaching of loose i*< »t t » )i i lot smgical wadding .\nd jewelleis’ 
wadding the last named heiiiLt usually dy ed some delicate shade. 
The boilings necessary in bleaching would n suit m the en- 
tanglement and hailing ol the lihies i! applied to t lie loose 
material, and the operation is theretoie peitoimed m the 1*1 
low me manner : Tin* matei ial is lust cleansed by aslioit hod- 
i ii {4 in a weak alkali, c.*/. a d jier cent solution of sodium silicate 
(water glass), and then bleached, if mrissuy with hydmgeu 
peroxide. When required tor medicinal pm poses, the cotton 
must he vei v slmhtK mnisliuu-d with walei, an object alt ined 

. n i 

h\ vei\ giudually diving the hleaeleii mateiial. 


Bleaching Cotton Piece Goods. 

The |>repai atorv operations in t his pi ocess cohost of m. liking, 

sewing, gassing, and laising. Kaeli piece is maiked with !l 
number, etc., so that it can he lerugm^ed aftei bleaching, the 
marking colour generally coal-tai heme of a kind capable of 
resisting the bleaching agents used I hen t If* ■ pieces are sewn 
together, end to end, so as to make the entile hatch of goods 
into one lone piece or hand. Next follows gassing tin* object 
of which is to singe off the nap fibres standing up abo\c the 
surface, since these would otherwise give the bleached mateiial 
a woody appearance, and also cause incomcmence in printing. 
The pieces may he gassed one or fnore times, and on either or 
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botli sid^s, by passing th»*rn rapidly over red-hot plates or 
cylirn^Ts/or over a row of^ion-illuminating gas flames. 

In tin* case of plates, then* is a difficulty in keeping tliam at 
imifor^i temperature throughout, owing to the cooling action of 
tile cloth. # I his iucoht'cnifiicc can he* counteracted 'h\ passing 
the goods through the machine again in reverse order. The 
plate system has the adxantage of imparting a ceitain gloss to 
smooth lahiics; hut it is unsuitable for patterned* lain ics. The 
cyliudei machine ^i\es more unil'orm results; hut the naked 
flame method is the best, especially tor light goods. 

Occasionally, as m the case of flannels, niffllino-, etc., the 
floods ai e raised before bleaching ; this is gcncially eon lined to 
the undei side ot the fahnc though sometimes both sides are 
raised. 

floods intended lor imitation of woollen mnusselines are 
crahhed betore bleaching. 

It is a frequent practice, nowadays, to merceiise piece gncftls 
ati this stage. 

In the following bleaching opeiations the pieces are twisted 
in the form of a rope a method which possesses eeitain ad- 
vantages though attended with various diawhacks. 

Full B/each with Lime and Resin Soap for Piece floods. 

( KM) Pieces of (io \ards.) 

1. Steeping The goods are steeped in watei fo»* twelve 
hours, or (wen longer; this softens the dressing and otlier im- 
purities present, and facilitates their solution afterwanls. This 
preliminary steeping is, however, frequently omitted, especially 
when the floods are fairly clean already. On the other hand, if 
the pieces contain much dressing, m have been used m calico- 
printing ill w h n'h e\ent they will generally be strongly con- 
taminated with alumina they will need steeping foi some time 
in a weak sedition ot hydrochloric acid or sulphuric acid. 

iL Lime Boiling. A milk ot lime is prepared by mixing 
about \ ewt. of quicklime 1 with 100 gallons of water, and pass- 
ing the mixture through a sieve. Through this mixture the 


‘ AI»oul 1 lb. of lime per 100 yards of fabric. 
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goods* are passed. and ar'e then nun-fcned to the bovvk.ng ki.-r 
,b'jjr. 15), an iron vessel fitted with* a wooden g'ati'ig a- h.l*e 
•bottom, which is covered with a lavorof -sicking and tlwii with , 
the band of £ 0 <xU. thu latter parked tin « 1 > 

as possible. in ordrr to prevent them Imin being di-p a>'< 1,1 

the corns,' ol boiling, and also lo gua.d against the i.nmation 
Of cavities or hoKovv -paces between the lay,-. -nice -tiler- 
wise the eoojs are liable lo local on ei healing o< -eo, clung he 
whole is next covered pith vviappeiing. lamped down uil 1 ro. s. 



t 

and covered will, water, NNh.cl, i- then .ai-ed f, boiling-l.eat, 
and maintained at that tempe.at... e fm ^ <«> h> "^ 

the kier being closed, and th • p.e-iue kept up to ,1 or fun 

atmosphere- The duration ol tin- l....o bo.hng tanes aceoid- 
,„g to the class O. goods and the p.essu.e employed. light pieces 
ben.g finished sooner than heavy ones, and high-pressure ac- 
celerating the operation. 

\part from the various form- given to bowkmg kie.s they 
all contain, as a matter of principle some »rn „. <> 
ensuring a continuous circulation ol the bow king In, nor (stc 

fig. lh). 
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* When the operation is finished, the time liquor is run off, the 
pieces beivg then swifted \wth water and transferred to a wash- 
ing machine (Fig. 17). The linn? must not he allowed to dry* 
on the noods, or it will become very difficult to remove, nor 
should the limed goodie be left exposed to the air, Qr the lime 
will absorf) O), and the expansion of the calcium carbonate' 
so formed, will disrupt tin; fibres. 



Tin* washing iffachine used consists mainly of t\so wringer 
rollers, r, d, mounted on a strong frame, a, and driven by the 
pulleys, b , c y also of Che roller //, which revolves in the water, 
the grating, / (separating the hunks in* the case of yarn), and 
the two porcelain orifices, /', k\ for the ingress and egress of the 
^oods. 

,'b Souring. -The goods fire passed through a vat contain- 



3 



l-'w. IV. 


4. Boiling with Resin Lye. Tin-. op.-iation is p. i forin*>il 

inj.thpj.ame manner as m I IkhIiii^, and in similai kiers. 

The liquor is prepaid 1»> Unhny 10 lh. of pal.- r.-sm with :»0 to 
40 lh. of soda and 20 gallons of water for al.out six hours. Thin 
preparation is then diluted with about eight times its own 
volume of water, and the goods # aYe hoih-d therein (or about 
twelve hours, under a pressure of three atinospheios. After 
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running olT thu liquor, the goods arc* Moiled with water, to re- 

raov(! ^he lesin, and are finally well washed in the machine. 

# If the goods were to he treated with cold water immediately 
after the resin Moiling, the residual resin would adhere to the 
material aqd be difficult to lernove. • 

ft. Bleaching (Chemicking). The goods aie impreg- 
* nated with a clear, fleshly made \ B. soluViun of bleaching 
powder, and then lelt alone m a dark place for half aij hour or 
an hour; or they are steeped for six bonus in a O’U B. solution 
of the same reagent. In either case (he treatment is followed 
hy a good washing. f 1 

(J. Souring. To eliminate the rest of the bleaching powder, 
which would lender the goods friable in time the\ are next 
passed through dilute (1 B.) hydrochloric acid, and ^eft exposed 

to the air for half an hour ; or they arq steeped for several horns 
in a more dilute acid, the addition of bisulphite, as “ antichlor,’ 
being advisable. Finally the goods are washed until they ilo 
longer ^i v<^ an acid reaction with litmus. 

Pull Bleach for Piece Goods in Soda Lye. 

1. The goods are steeped in water for at least twelve hours. 

‘2. They are next boiled tor fourteen hours in 2 to 2.1 B. soda 
lye, without pressure, to prevent the impuuties being fixed in 
the material. Washing follows. 

H. Souring, hy immersion for four or live horns in \ B. hydro- 
chloric, acid, succeeded by washing. 

4. Second lye boiling, with lye of the same strength as before, 
for sixteen houvs, hut under pressure: washing. 

•ft. Souring as before ; washing. 

li. ('hemic-king. The goods are steeped for six hours in clear, 
freshly prepared Oil B. bleach liquor, and afterwards washed. 

7. Souring as before, followed hy washing. 

If the goods are to be dyed with alizarine rose- red, they must 
1)0 bowked with lime previous to the tirst l\e boiling. 

The Thles and Herzig Full Bleach for Piece Goods. 

* (HO cwt. of Cotton.) 

I. 1 Souring, partly for removing the mineral impurities, partly 
for separating them froiti their organic combinations. A modi- 
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fication of the souring* process, u commended h\ # Tlnes and 
Herzitf, viz. adding a little h\drotfuoi ic acid to thf 1 hi^h and 
theu steaming the eoods, has not Uvn found suitable in |fiActioe.# 
When the ejoods are clean this pieliminar\ treatment^ max l>o 
omitted. • * # 

2. The eoods are steeped all njeht in a ) pei rent, soda he at 
50° C., to remove*adhei ent. matter, dried sip ete. It the stuff • 
is very unclean this opeiation is repeated. 

3. The next procest is washing in water containing an alka- 
line earth salt, which facilitates the lemosal of the alkali and 
deposits itisohfhle alkaline eaitli m and u]>uti the tilues. Fift\ 
grills, of 2o percent, tiiiipiisiiiiit ehloudeaie taken per 1000 
litres of water i.r. O rtOHo pei emit.- oi cm lespondin^h less in 
the case oi haul water. The pieces an* then put thiou^h a 
wringer, so as yj leave ii^the malm ul onl\ ahout its own weight 
of water. 

*1. Howkm^ ill the kier h\ steam heat, at a tempei atlire of 
over 10(1 (’. 'fills takes up to two and half lioui s, ucrotthiif; 
to the size of the kier, and ispeifoimed as a propitiation for the 
following boiling in stion*: soda he The latter hein^ intro- 
duced in a hot state, the mercellsatioll ot tile eoods is pi evented , 
and the steam *‘\peU the air which would otheiwise etiahle the 
strong alkali to eoirode the fibre. ^ 

Moreovm . the conjoint action of the alkaline eaith ad heat 
on the impurities m the cotton lesuits in the foimationof re- 
ducing bodies, which an* r.isih imno\ed m the suhswpient lye, 
boiling, and besides counteiact the oxidising action of the latter. 

5. 'file eoods are suIIusim! with hot he, at a Vmipej atuie ex- 
ceeding 1(H) (\ This solution is prep.ued fioin 1 cwt. of ‘JH to 
00 per cent, soda, caustimsed with lime and diluted to 110 to 120 
eals., 20 lh. of resin heme then foiled thmeip. Ill is ^ivesa lye 
of about i) to 7 per cent, strength. 1 he specified weight of cotton 
occup\ ine a space of ahout I 01 cub. It., this (piantity of lye will 
only he just sufficient to thoiounhh impregnate tin* material, 
tn the older methods the use of stiou^; l\es was prohibited for 
economical reasons, since to cover the j^oods requires alxjut 2 to 
3 times their own weight of he. # 

The circulation of the he and steam is maintained by the 

* i 
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pump, d (J ; ig. 18), which draws and delivers them into the 

vessel, j, thence into the heatVd vessel, /;, from which they return 
the kter, u, where the goods are situated. The vessel, c, con- 
tains a perforated pipe, e, through which a part of the steam 
escapes into f the 0 ])en air' at /’, thus compensating for thf< 4 dilution^ 
produced by the saponification process within the vessel, and 
* maintaining the uniform strength of the lye. 1 



At the end of about three hours the goods are washed with 
boiling water in tlu*kier. 

b. Chemicking. This operation is performed with bleaching 
powder as usual, or with pure sodium hypochlorite, the only 
difference being that the liquors are merel\ one-third the ordin- 
ary strength. 

7. Souring, as in the first operation. 

The principal advantages of \ lie Thies-Herzig process consist 
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in a saving of about 40 jV-r cent.. us complied with the onlimiry 

method (linn* ami resin soup), more tapid perfoi rnunA*. absolute 
purification ami unimpaired strength of the bleached* goods. 
Indigo blue can lx* more readily dischai ged than usual when 
the goods have been bleached by this method. t 

W hichever metltod of bleaching has been emplosed the goods 
an* afterwards loRsened in a machine, then vpiead out ami 
hot-ealemler*d, or tenterevl, if uecessaiw . alter which the\ # aie 
sorted and shorn. Tin* latter operation is pnfoi med in order 
to remove the nap from tfie surface of the cloth, the short han> 
composing sanTe heimj first laised by blushing and then cut oil 
by revolving cullers. A final brushing eompletes the ptoeess, 
(Jf course this operation is omitted in the case <»f goods in 
which the I* 1 e constitutes an essential le.ilme of tin* weave. 

Bleaching cuust s the g^ods to loose S to 11 per cent, m weight, 
and even a loss of ‘20 per cent, is not extiuoidmuiy. 

•In ordei to obtain perfect results, evei y Mage ot the bleaching 
process must Im» supenised with extreme care, the moie »so 
because a hatch represents a eonsidei aid** sum of money The 
progress of the operation* is cheeked by taking samples at 
intervals ami dyeing them with ali/aum*. this test ie\ea!mg 
any spotting produced by lime, resin, or bleach. Stains due to 
the formation of nwcellulosc. hu\e .i luMx-binwn appee atiee, 
lilt t can mostly he got nd of by iieatment with umtiK ist or 
wxla. 

'Flu* bleached goods are washed out in separate machines and 
stored a wav fiorn possibility of contact with chemickcd oi 
soured pieces. Clreat care must, he taken to aWud rust stains, 
these forming the most unwelcome of all the bleacher has lo 
fear. With this object the kiers must, he Jvept perfectly clean ; 
no accumulations of liquids must he allowed to collect m the 
steam and water-pipes, etc. Should they occur, these stains 
may he taken out with oxalic acid. ( heimcked goods must not 
he allowed to touch iron, or a local catalytic action will he set 
up which decomposes the bleaching agent and oxidises the 
cellulose. l)ye-stains, such as the alizaiine red on hacking 
pieces from the calico-printers, can he discharged hv bleaching 
with potassium permanganate. 
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Bleaching Cotton Viece Goods Wide Open. 

Tholrawhack in bleaching cotton goods twisted in the form . 
•of a rofjo in that the delicate surface of many fabrics, such as 
twill, damask, moleskin, etc., is liable to sutler from the forma- 

• t 

tion of creifses, which are afterwards dillicult to obliterate. Om 
this account, many attempts have been mad» f \ of late years, to 
devise means of putting the goods through tin* various opera- 
tion's of the bleaching process, without the necessity for twisting 
and untwisting agaifd. # * 

Without gome into particulars of all the \arious methods 
proposed, it maybe mentioned that limfry of them are based 
on the principle of soaking the faluic with Ije, and passing it, 
in the wide open condition, through a closed chamber in which 
it is exposed to the action of steam under low pn^sure. For 
this purpose a number of machines have been put out on tin* 
market, such as those o! Bent/, Kdmeston & (Irether, Kudlcr 
& Welter, (lehauer, Tagliiiui, Kigamonti, and others. 'Hu* 
Kndler A Welter machine consists chiefly of a quadrangular 
wooden easing, which isopen underneath and dips into a seal- 
ing trough containing lye and a little bisulphite and arranged 
in such a way that the goods are passed through the lye on 
their way into and out of the chamber formed by the easing. 
While pi.ssing through this latter, under the slight pressuie due 
to the sealing liquid, they are exposed to the action of steam, 
being suspended to hang in folds and carried along by a special 
conveyor device, to he discharging completely bowked. at the 
further side of the machine. Condensation of the steam in tin* 

t 

chamber is pre\ented by using radiators. Tin* whole operation 
only lasts about half an hour, hut of com so the use of the 
method is confined to certain goods, being unsuitable for others. 

In other methods of the same type the bowking appliances 
are provided with devices which hold up the goods at intervals 
so as to expose them longer to the action of steam. This very 
useful principle, which was first advanced by Weiss- Friess, is 
embodied in the Tagliani apparatus. 

'Another principle of wide-open bleaching is that, in the 
bowVmg stage, the lye is forced through the fabric spread full 



WASHING, Hl-KU'HING, AM» f \HH» >N)SI \G. 


. iyv 

• 

width on rollers, either 1>\ the action of suction piynp which 
draws the liquor through in an axralMirivtion. or oUtM»\ y fuuv 
pump which drives the liquor through from the inside *ln the 
Mather and l'lalt method. which is extensi\el\ \md, the fahnc. 
after traversing the bow king k i»*i\ is wofind on a 1 oiler, at one 
end of which a pci formed disc tits closrlx against the edge of 
the goods. On tfie whole ln-iii^ placed in the holler and the 
perforated dtsc connected to a pump. I\e is diawu thmugh Jhe 
fabric, axially, throughout the operation, whilst the iolh*r can 
be kept involving. Neutralising and chlni mg can be « fleeted 
in a similar m.fnner. 

Tines aiel (iebauer liiseit laths between the layis ol tabric 
ip winding, because if*too lighlh wound, it is dillicull to foiee 
the liquor yhiough. According to tin* sunn* imcntui*. the 
bleaching ]>) ocess can alsij be cai 1 led out 1 »\ steaming tin* lolleil 
11]) labile that has ple\»oilsl\ hern steeped With l\c. 

Full Lye Bleach for Yarns. • 

1. .The goods are steeped m watci hn about tm hmiis, hut il 
the yam he lanly clean this ma\ he omitnd. 

2. The\ are next, boiled lor (ouiteen to Sixteen hull I s 111 1 \ e 
ol 2 to 2} B. slienglh. followed 1 »\ washing. 

'Hie next stage is smiling. I>\ -e\**ial boms' imint on in 
A B. li\diochloric aeui, siier.eedi d h\ washing. 

L ( 'hemickmg. I he goods are strrp« d foi about ti\e boms in 
a 0* lo to 0*2 1 J. solution ol h^-aching pow<h*i.aud then w.ished. 

0 . Second chemickmg m the same wa\ # 

h». Second souring, as h* foie. 

7. The \arn is softened h\ steeping toi some time in .i hot 
solution of soap, and is then washed onee more. 

This method is veiysimil.n to that employ'd for piece goods. 
Modifications of tin* pi ocess aie practised in some pl.ie.es, and 
occasionally the other methods de-'Ciihed are applied to \ains. 

Partial Bleaching. 

• 

As already stated, it is not alwaxs necessary to hleach cottons 
fully, this being done only when the goods aic to he dyed in 
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light shades or ]>rin whereas for dark shades of dyed goods 
bleaching tvould in many instances be a superfluous operation. 

# and or* 1 likely to injure the colour in the case of turkey-red 
dyeing. % 

Cottons % for half bleaching are bowked with limh or soda, 
soured, and washed. Yarns are boiled, without pressure, in a 
* very weak soda lye, and then boiled off and rinsed ; occasion- 
ally. a simple boiling in water is sullicient. In 'many cases, 
soaping (see* turkey^red oil) is a suflicierrt preparation for dye- 
ing, especially with basic dye-stuffs, in which case the soaping 
ran be combined with the tannin treatment, floods to l>e dyed 
with anilme black do not require any cleansing at all. 

White goods are first boiled with alkali, then chemicked, anti 
blucul with ultramarine. In the case of piece goods* this is done 
in the dressing process, hut w ifcli yarns jhe ultraujarine is applied 
in suspension in a warm soap hath. Latterly*, however, owing 
to the ease with which irregulai ities occur in blueing with 
ulMamarine, this pigment has frequently been replaced hy 
methyl violet applied in an alum hath. 

Finally, it may he mentioned that fabrics with dyed fancy 
threads (<y /. dyed turkey-ied) require special care in bleaching. 
Moiling with soda lye must be avoided, and the best plan is to 
boil w it dj soap (and perhaps a little carbonate of soda as well), 
under moderate pressme. In ehemioking, the coloured portions 
should oidy bo left in tin* bleach solution tor a short time, and 
then taken out and washed. 

Out of the many methods proposed for bleaching cottons, the 
following may he mentioned: 

*0. Hertel’s Bleaching Process (flerman patent, 7 o,4T>, 
;iO/;i/i);i). The material to he bleached is impregnated with a, 
\ to 10 per cent, solution of turkey-red oil (according to the 
desired effect), the excess being removed by wringing or drain- 
ing in the hydro-extractor, and the goods boiled with l A to 2 
per cent, of caustic soda for six hours under pressure, after 
which they are rinsed, slightly soured, washed, lightly soaped, 
rinsed, and dried. 

This method is claimed to he specially suitable for yarns to 
Ik* dvod rose-red by the Urban and Specht process, and also for 
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Mftko cotton, which hithtTto could not 1^* bleached i^xcept 1>\ 
the aid of very strong chemickin^ Imtfiv It is not ne\t, Uyame 
in 1' r;^ nee (Rouen, lor example) it has lon^ ln*en llu* piactice to 
demise cottons that are to In* d\ed in delicate shades, hy boiling 
wjth lye and a sulpholeate. A pioduct of'this kind is^fjfunder 
the name " I* ankhausitie . Sulpholeatcs (c </. “ monopo) ” soap) 
form very useful additions to howkin^t liquors. since they ieadd\ 
moisten and idealise the cotton, so that the dmation oi hoiliji^ 
can l>e reduced, and tl** ^oods may 1 *» • allowed to cool down 
during this treatment. * 

The Mather nml Thompson Continuous Bleaching Pro- 
cess. I he charaetei 1st ic leatures ol this piimss aie tlfat. aftei* 
certain pieparatory tic.ftmeiit, such as ly<* hodm^. i i n ^ . etc., 
the goods a re^ passed continuously mci a sriu-s ol lolh-is. and 
also through a chamher tilled with viscous «.*:« 1 1 ^ n dioxide loi 
the jmrpose of fibciatmg hvpochloinus acid and thciehy m 
creasing the activity ol tin* bleaching powdci. Tin* goods an* 
passed m succession thiough wmiii wain, bleaching powd«4 
solution, the cailKin dioxide ehamlMi. eolil watci, wann soda 
solution, water, a second r.hcmirkmg hath < uhon dioxide gas, 
water, dilute hydrochloric acid, and, linally, watci 

Hlectrolytic Bleaching Process. Tin- mctljod is usually 

associated with the name ol Helmin', who was the fusion eio- 
pose the picpa ration ol a hh aching hquoi hy tin- ♦ •Ircti 'vtie 
decomposition of magnesium chloiidc. Tin- mnsi mipoitant 
features of the pincers have aln ad\ In en dcsciilnil in dialing 
w ith sodium hy pochloi ite. 

Linen-Bleaching* 

The bleaching of linens is conducti d on 4he same pnnciph s 
as in the case of cottons, the impurities being ^i cmo\ ed by hod- 
in^ with lime or soda, and the minuting mattei hy tlic aid of 
bleaching powder. 

The fibres are, however, more difhndt to decoloiise than those 
of cotton, owing to the laiger quantities of mipui ities ]»iesent, 
the amount and quality of which depend on tin* method of 
retting pursued. ( Ymsequciitly . this last-named process should 
l)e performed with special care. 
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Moreover, flax fihi\ is more susceptible than cotton, and on 
this tjccofmt the various Veagents must he used in a weaker 
condition and applied over and ovei again. Tin; chief cause of 
the difficulty in bleaching flax resides in the hrown substances, 
known a # pectin hodiek, contained in the fibre, since they cannot 
Is* destroyed by the unaided action of bleaching powder but re- 
quire tlie assistance of the grass bleaching process. Apparently 
these bodies are not destroyed by the bleaching agent, but are 
merely couveited into a bum hidic soluble in alkalis. 1 A single 
vigorous treatment with bleaching powder does not suffice to 
remove the pectin bodies; neither is tins treatment advisable, 
as it would certainly attenuate the fibre. The conversion of the 
pectin bodies into a soluble form is therefore a matter of w- 
peated attacks with bleach, assisted hy interposal treatments 
with alkaline baths, and supplemented hy grassing. 

Apait from the repetition of the \arious operations and the 
recourse to grassing, the piocess of linen-hleaeliing differs fi'om 
that for cotton in that the goods are kept m motion during tin* 
treatment in the chemickmg hath (though this is also done 
with cotton goods in some woiks), and are subjected to friction 
between two fluted l>oards in order to get i id of the particles of 
adherent hrown matter. 

Flux is bleached either as \ain. twist, or in the piece, and tin* 
process is divided into four classes quarter, half, three-quarters, 
and full bleach, according to the degree of purification produced. 
Tin* loss in weight langes up to as much as IS per cent, or oc- 
casionally as high as 2f) per cent!, and ends at the half-bleach 
stage. The i^itire operation takes about three, to six weeks. 

The boiling is effected in open and in low-pressure keirs ; the 
ohemicking and souring are performed in a special manner, riz. 
in a series of (usually) three stone or wooden tanks containing 
respecti\ely dissolved bleaching powder, water, and dilute hydro- 
chloric acid. The yarn is suspended on pegs, which are 
mounted on a frame running on rails over the top of the tanks. 
Sometimes the pegs supporting the yarn are fitted with eog- 

* 1 The Muller process (already descrilnid) for obtaining pure cellulose 
froyi crude vegetable fibres, is baled on this reaction. 
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wheels which in Am* another and •jausc the vai n to ttnn 

round and round in tin* hath liijuor. # * f 

After a shoi t time the entire fi .line is lilted out of the hath and 
transform! to tin* next tank, where tin* \ arus art* w.isln^d. In 
the same nrtmner the\ ate convened to Mn* thud tnjfk, wheie 
they aie soured, and are tinalh washed in a fomth \cssel, or 
returned to tin* second tank for that pm pose. 

Piece good* aie first mo\ed about in tin* chemickmg Inpioi for 
some time, and then h ,f jt to steep theiein, though mole usualk 
the movement is continued and extended over a longer time. 

For grassing? the vainsaud piece goods an* spiead on the 
grass in summer, and turned at mtei\als. m winter tln*\ are 
hyng on sticks 01 fiairics. Natmallv , the bleaching action is 
st rondel m t Jn* sunimei , ami beenmes appannt after the lapse 
of Onl\ a few hours |>e^ r emami plOposed to expedite glass 
bleaching hy liist slightlv blueing the goods with indigo, in 
ordvr to ensure tin* absolution of the more aeti\e him* light iu\s 
as well as the yellow’ ones # 

Well-hleaehed linens should he white all thioiigli. and should 
not stain when treated with an alkali, such discoloration indi- 
cating imperfect removal ot the pectin bodies 

The details of linen-bleaching natmallv vaiv m dilfeient 
localities. The following dcsenption applies to tin* method as 
pursued in Silesia • — 

Full Bleach — 

1. Boil for nine to ten horns, or longei. accoidmg to <pialit\\ 
with 10 per cent, ot soda, miner gentle pressure. 

2. Chemick with a bleaching powdei solution, containing 1 
per cent, of active chlorine; wash and sour. 

d. Treat in hot (oOC.) soda solution in *jm open keir, wash. 

4. Crass for two to three days (in summer), turning once. 

5. Chemick for several houis in a weak solution of bleaching 
powder, evolving only an almost imperceptible odour of cliloi ine. 

(), 7, H. Repetition of d, 4, and •). 

II. Weak soaping in circular \at, tin* soap solution being 
admitted automatically, flowing through the \arn, collecting 
underneath, and returning to the goods after passing through 
an upcast pipe. 
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Piece goods are treated m the sann r manner, except that thr 
opr» ation 4 commences with a linn* how king. 

It should, lunvcyrr, hr hm n«* m mind that working on any 
invaiiahlr lines is an impossible matter in linen-bleaching, thr 
method ^treatment bring wholly dependent on the quality of 
tin* goods and on tin* rtfect to hr ohl lined. 

Jute-Bleaching. t , 

Almost i*vr i \ kn^wn bleaching agent *has lnrii tiied on jute, 
from which rn cmnstancr it will hr evident that a peifrctly 
Miitislactorv method ol bleaching this lihrr Inis' still to hr dis- 
covri rd. 

As a rulr thr work is confined to a bleaching m thr ir>*ti icttd 
sense of thr trrm, sodium hvpochlorite bring tdiirfly Used. 
Undci these conditions a Mipplrmri^aiy tieayncnt with dilute 
bisulphite will provr beneficial. 

Thr method of bleaching jute h\ alternate tiratinrnt with 
jjotassmm pm manganatr and bisulphite, though lather expen- 
sive, furnishrs good results, and thr loss in weight is small. In 
Home rasrs thr two methods an* combined, thr jute bring tiratrd 
with bleaching powder Inst, and then with permanganate 
and hisul plutr. 

.1 utr^hrmg M‘i\ siisrrptihlr to thr artimi ot alkalis, should 
only hr trratrd with such as air of a \m\ mild rhaiactrr. like 
sodium silicate. hora\, etc. 

I low r\ rr. this lihrr is grnmalU Used in an unbleached condi- 
tion, eithm in its natural rolom, pnnlrd, 01 d\rd (or both). 

hemp- Bleaching. 

(Irrat ditlimilty ^experienced m bleaching hemp m a thor- 
ough manner, anj the lihrr is genrially used in the unbleached 
state; in fact, only the virus intended for making up into string 
are bleached. the operation being effected by the aid of bleach- 
ing powder after a pieliminary cleaning with sodium silicate. 

Ramie- Bleaching. 

;\s already mentioned, tin* •process used in Kurope for bleach- 
ing ramie is almost identical with that employed for cotton ; 
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only, in the chemicking <rspecull\ . great ej- can* is necessary to 
ensure the protection of tin* him*. 

Scouring and Bleaching Silk. 

The purification of silk consists in leihoung the ^iion ami 
colouring mutter present in the iu\\ mateual. As. Iu>we\er. 
these mainly result in the hast laser, all that is meessars in 
most eases is*to get rid of this latter h\ the operation known. as 
scouring, or decoi ticatyig. 

Tin* hast layer gises tln f silk a hard, rough eliaiaeter, which 
]>rohihits its iht in a ia\s state, except in \n\ lew instances. 
As a ride, silk is deslied to exhibit all Its \ allied |U Opel ties, such 
a^ soltness, lustre, etc., •and on this account must he fired fmm 
the hast, the^moie so because i aw Silk eannot be d\ ed so pin- 
manetitlv as when scoure^I, tin* leiison loi this being that the 
dyes a i e then absorbed by the hast, which alt ei wauls \ lelds tliem 
up*moiv readily wlien washed. 

Kemoving the )>ast entails consul ei able loss m w eight , amount - 
ing to IS to 22 per cent, in the case ot ( ’hmese and Japanese silks, 
and 2 A to .’{II per cent, m Kumpr.m silks. On this account it is 
often customary to semii the silk onl\ to such an extent that 
tin* loss amounts to about C> to S pei t-e 1 1 1 , tin* •uide,t\our hemg at 
the same time to impart to i be pindiiet .i portion at lea- 1 ( 1 the 
valuable pi Opel t l«s ot scoilled silk Tile 1 esuh lllg pi odl *t IS 
known as “ sonpb* ” silk, and is used a welt. In touting 
this aiticle, tin* lact that it will not stand wai m soap oi alkaline 
baths must he borne m mmu . in lact, il onl\ left to lie m a 
moist condition, it sheds pait of its bast l.iyi spontaneously 
this ellect being recognised b\ the lm mationof iustioiis spots. 
It IllU.st tlieiefoie he eithei dlH'd at once. OI I Ise d\ed and 
dried; should immediate dying he mijuacl icable, t lie silk must 
he left in water. 

The silk is scoured in hank form, as giege silk, or also alter 
weaving, the operation being perfoimed b\ the aid of soap and 
soda. True, soap alone is best, and tli.it too of good quality 
devoid of free alkali or smell, and being ivudih soluble so that 
it can he afterwards easily washed out of the silk. Potash soap 
is better than soda soap for this pui pose, and, in fact, soda 
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tiofjH not form a goot^ addition to the scouring bath, owing to 
its tendency to make* the* silk harsh. However, for the sake 
of cheapness, a mixture of soap and soda is frequently used, 
and the cheaper souple silks are even scoured with soda alone. « 

Knr h^ter qualities it is essential to employ nothing hut soap, 
an addition of soda being inadmissible, except for the purpose 
of softening the bath water, since the lime soap, otherwise 
formed, would be deposited on the fibre and dirty, it, or at least 
spoil its sheen, it is therefore necessary, in scouring silk, to 
entirely prevent any deposition of lime or magnesia soap on the 
fibre. Should the raw silk not be entirely free from mineral 
matters '{ejj. (hist) it is advisable to wash it, first in slightly acid 
water and then in pun? water, before scouring. The same con- 
sideration must also he home in mind in washing % the silk after 
scouring. 

Two scouring baths are generally required : ‘the one contain- 
ing 25 to !10 per cent, of soap, the second 20 per cent., calculated 
qu the weight of raw silk treated. 1 The gr^ge is treated in the 
first hath for about ten minutes or longer, according to the 
quality, at a temperature rather below 100 C. The bast swells 
up, making the silk sticky, and then dissolves, leaving the 
lustrous internal thread of the silk exposed. A sojourn in the 
second soap bath then completes the removal of the hast. Silk 
that is 1 to he dyed in delicate shades is passed through a third 
soap hath, and finally rinsed with fresh water. 

The first bath can he used seven times over, hut will then be 
so full of sericin as no longer toiie applicable for this purpose, 
though suitable for use as “hast soap” in silk dyeing. The 
■second hath, which contains a smaller proportion of sericin, is 
advanced to the dignity of first hath, a fresh solution l>eing pre- 
pared in its place. 

Of course, it is'not feasible to treat all kinds ofsilk in exactly 

‘The following recipe from a practical source may be cited as an ex- 
ample of other methods of scouring silk. The silk is treated for three to 
four hours at 70° to SO’ 0. in a hath containing 6 parts, by weight, of Mar- 
seilles soap and l part of soda per 1000 parts of water— the latter previously 
softened— after which the material is washed, soured with weak hydro- 
chloric acid, and rinsed. * 
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the Kami* way, some ls*ing iiioic easily* freed from^huM than 
others; and in point of their alnlirt to Maud the ai^iotfcof the 
scouring baths considerable dithuences exist. Milanese triune 
silk being particularly ticklish to handle. In fact, tins silk 
.must not T>e left in the hath more than ten minutes,, ud should 
the hath liquor contain any pn-existing seticin, the ‘-ilk will ho 
rendered “ lou-y *. Such silk exhibit**, when dyed, nvnnerons 
light patches, due to the disintegration ot the silk thread ;.the 
appearanee may. howt'Vei, he improved hy ^leatment. hist with 
soap and attei wards with* weak hydiochlonc acid. 

In the case ot Intuit'd silk, the leiuoval ol the hast is almost 
impossible to etleet in a satislactoiv manner, owing ^o the in- 
w\ liable formation of metallic, soaps, lielore proceeding to the 
scouring p»u;ess the loading matenals must theiefoie hr elimin- 
ated hy tieatment with ^ cold l per cent, solution of hydro- 
fluoric acid or a cold-saturated solution of oxalic acid. 

“After the silk lias been scoured it is sketched, chevilled 
(smoothed), lustied, bleached, loaded, and dyed. The fiist thfee 
operations are pel formed w ith the object ol rendci ing t lie silk 
as soft and lustrous as possible, Stn-iching consists in re- 
peatedly pulling hack the silk threads when stietehed taut he- 
between two rods, and is el footed either by hand or in a machine. 

Smoothing is effected by winding the silk upon # ■ »1 f . hy 
hand or m a machine, uheiohy the separate thie.ids are 
smoothed by mutual friction. (Machines for this purpose are 
illustrated in Kneeht, Hawson. and Loewentlial’s llmulhnoh of 
Ihjeintf.) # 

Lustring or glossing consists in imparting •the maximum 
lustre to tlie silk hy a combined process ol slretching and 
steal nine. 

Bleaching is only piacti*cd when the silk is required to he 
white or to he dyed m very light shades. &ulphmous acid is 
the agent employed, and the method has been already described 
in dealing with that reagent. # 

Loading. -In the case of white or very light-coloured silks, 
a dressing of tin chloride (see ( hap. III.) is applied befepe 
dyeing, hut dark-coloured silks are loaded in the dyeing process, 
or afterwards, hy the aid of tannic acid. 

• H 
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Scouring silk in th*} piece is a method increasing in favour 
on acctunt’of the advantaged resulting from weaving the threads 
9 in an unscoured state. For example, raw silk is better able to 
stand friction, and is more elastic than when scoured, so that 
it is less fi^ble to break in the loom; and again, the^lmost in- 
evitable dirtying to which the threads are exposed in weaving 
is merely superficial in raw silk, and is readily removed in the 
sulwequent scouring. • 

The operation is performed in a continuous manner by passing 
the pieces, wide open, over rollers and through vats containing 
hot solutions of soap and soda (e.*j. f> parts of sflap and 1 part 
of soda per 1000 parts of water) ; they are heated first to 70" or 
80 (’., then to 100' (’. The operation* takes a half to threu- 
quurters of an hour, or sometimes longer. c 

Half-silk (cotton and silk) goods at^ 1 scoured in the piece ex- 
clusively, and must he gassed beforehand. Half-silks to be 
dyed dark shades contain raw (unbleached) cotton, and there- 
fore, except when the proportion of this is very small, the goods 
must he put through a strong scorning hath (containing 3 to 5 
per cent, of soda, calculated on the weight of the goods), the 
operation in this case lasting one and a half to two hours. 

According to a process patented by the Badische Anilin A 
Sodftfatyik, the fabric should he treated for about ten minutes 
in a cold and fairly strong lye, glucose being added to the 
liquor in order to prevent the silk being weakened, on the 
one hand, and the cotton from shrinking, on the other. This 
treatment scours the silk and at* the same time cleans and 
ipercorises the cotton. 

Half-Scoured or Souple Silk. 

To prepare, half-scoured or souple silk, the silk is first 
-cleansed by treatment in a weak, lukewarm soap hath, which 
at the same time softens the bast. After this it is immersed in 
a 10 per cent, bath of potassium nitrite, strongly acidified with 
Bulphurio acid for an hour, or for about a quarter of an hour 
in warm dilute aqua retjia (nitro-hydrochloric acid) : in the 
first case the colour turns grey, in the second green. Then, 
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after being treated in a bath of sonjj, phft a large proportion of 
soda, it is sulphured three times, six hours each time, in ildamp 
state, the hanks being turned after each treatment. The next • 
stage is rinsing in water aciditied .with sulphury is acid, 
followed by the actual process of softening, the hanks being 
steeped in a hot t^O to 100 ('.) 5 per cent, solution of potassium 
bitartrate, and an aqueous solution of sulphuious acid the 
condensed ifroppings from tin* sulphuring chamber until 'the 
threads are exposed, though this is not ptrfectU visibh* until 
they have been drained. According to the quality of the silk, 
the treatment lasts an hour or more. % 

Some d\ers use a hi^th of bitaitiale and h\drochlmic and. or 
fnagnesium sulphate, in which latter c\i*nt the loading ol the 
silk is effected at t ho same time ; the fool of the silk is, however, 
best when sulphurous aaid lias been used. When tin* silk is 
to he dyed in dark shades the softening process ma\ he per- 
formed with tannic acid in the d\e hath. 

Bleaching and Scouring Tussah Silk. Attempts have 
been made to bleach Tussah silk by almost even known 
bleaching agent. The operation is a difficult one, and is there- 
fore omitted except when the. silk is to he dyed in light shades. 
For the most part it is woven in its natural colour. 

The best bleaching agents for this fibre are the peio\Vn*s. the 
material lnung treated for an hour or so m a hath containing 
50 to 100 per cent, of harium peioxide at about HO 1 ' (’. ; or else 
with hydrogen peroxide in conjunction with sodium silicate. 

Scouring is also a moie diflicult process with Tussah than 
with true silk, and entails more time and the use of stronger 
soda baths. 


Washing and Bleaching Wool. 

Whereas the entire series of operations concerned in the 
purification of cotton are comprised in the term ''bleaching," a 
distinction is made, in the case of wool, between the actual 
bleaching process and the preparatory cleansing operations, 
the latter l>eing termed “ washing". 

As it comes from the sheep, wool is contaminated with so 
many impurititfs that washing is the first treatment necessary, 
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it being impossible to*spin unwashed wool, though raw cotton 

can h^spiin without question. 

• Woollen yarns and piece goods, though freed from tin; natural 
impurities of the ileece, nevertheless contain impurities, con- 
sisting ofwie fatty matters added to the wool to facilitate spin* 
nirig and weaving, in addition to dirt acquired by contact with 
dirty machinery, dust, and the workman’s hauAs. Consequently, 
the, -washing of these goods is performed in a dilFeY nt manner 
to that employed for the raw wool. f 

bleaching, as applied to wool, is restiicted to \arn and piece 
goods, and plays a far less important part than in the ease of 
cotton, the great hulk of manufactured waul never being bleached 
at all. 

Though in this country it is a common practice lo wash the 
sheep before shearing, this is rarely d*uie in the, case of foreign 
wool, and when practised hasalwa\s to be f supplemented by 
tht; usual wool-washing process, except for low-grade* wools 
such as llallina. This supplementary washing should he per- 
formed as soon as possible after shearing, since* delay only in- 
creases the dillicult\ as experience* has show n in the case of 
fleece-washed foreign wools. 

The washing to which the* wool is subjected m wool-washing 
establishments is a tar more* important operation than three- 
washing, its object being to secure the* removal of all th * im- 
purities compiised in the, teim “grease”. For this purpose 
use* is made of alkaline substances- -soda, potash, soap, (Juillaya 
hark (Quillaj/u sajumuria), ammonium carbonate, and stale* 
u,rine. Caustic alkalis, however, must he carefully avoided, 
owing to their known corrosive action on wool fibre. 

The oldest known detergent for wool-washing is stale (putre- 
scent) urine, whiqfi, when diluted with about live times its own 
bulk of water and used at medium temperatures, cleanse s the 
wool very well. The real active ingredient is ammonium car- 
bonate, liberated by the decomposition of the urea. Despite its 
unpleasant smell, this detergent is still used in many small 
works. 

Ammonium carbonate itsel» f is an excellent detergent for wool, 
but is still too dear for practical use, the held tyeing left almost 
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exclusively open to soafi and soda (or pqjushi. I'sujflU a mix 
Hire of the two is employed, the proportions Item* i emulated 
according to the quality of the wool and the hardness of the 
water. The coarser the wool the larger the pmpoition of soda, 
and it wiH he readily apparent that hslid water ieq».ifes more 
soda than soft water, it heme necessary to throw down the 
lime and magm-Sia as carhonates, in older to prevent their 
deposition, in the form of fatty acid compounds (soaps), oqthe 
wool. The carbonates of these alkaline eaiths come down in 
the form of powder andVan then he easily washed out of tin- 
wool, which is not the case with lime and magnesia soaps; 
moreovei, the foimation of the latter entails a certaifl waste of 
joap. and theiefore httid water should I'nst hesottened. 

Wool ofjow quality, such as is used for making eoaise fabrics, 
roof'll blankets, etc., is washed with soda alum-, for the sake of 
cheapness; but worsted wools are washed solely with soap. 
Wools for cardin'* are washed with a variable mixtme of soap 
and soda, averaging 1 to . r , parts of ammonia-soda and I f tft ‘d 
parts of soap per 1000 parts of water. Soda soon roughens 
wool, and the temperatuie should not la allowed to exceed 
about oO ('. when this alkali is used. Its employment is never- 
theless essential loi fine raiding wools, since line wools are 
moie difficult to cleanse than the coaiser kinds, and.* birger 
propoi tion of soap would cause the blue to sb.ink a.ul thus 
unfavourably influence the wool lor tin- purpose in view. 

The exact proportions ut snap and soda can only be detei- 
mined bs practical experience , since each kind of wool behaves 
differently in the washing. Hence cate sbouldHie taken never 
to wash ditl'erent soits of wool together; and the soiling of 
wool previous to washing must be peilor.ned with great 

caution. t 

Other proposed adjuncts to the above-named detergent* are 

- common salt, sal ammoniac, ob-in (as an emulsifier;, etc., but 
none of them have made any headway in practice. Patented 
detergents of undisclosed composition, sold under fancy names 
for wool-washing, should be avoided in any case, since theyvire 
either worthless, or could he prepared hy the washer himself at 
a much lower cost. For the most part they consist of a large 
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proportion of soda and a very little soap, and are therefore 
gcncratyy recommended for washing with hard water. 

The Washing Process. -The wool is first carefully sorted 
and freed from burrs, which latter would injure the fibre if not 
remove* i\it is then pul in the washing machine, the so-called 
“ leviathan," shown in Figs, 19 and 20, which consists of a 
series of tanks (generally four or five), the first of them con- 
taining the detergent solution, the others tilled with. warm clean 
water. The actual cleansing of the wool therefore takes place 
in tin* first tank, the temperature of' which is kept at about 
50° ()., whilst the others serve for i insing the purified charge. 
Each tank is fitted with cranked rakes, which move the wool 
onwards, and between each two adjoin fug tanks is mounted 
a pair of heavy ringer rollers, which take the wopl from the 
elevator and, after expressing the superfluous liquor, deliver it 
to the next tank. The best type of leviathan washer is that of 
A. Deru, shown in Fig. ID, the chief advantage of this t\pe re- 
siding in tin* excellent elevator and wringers, which latter work 
under a pressure of about eighteen tons. Ey this means tin* 
wool is squeezed in a very thorough manner and the transference 
of dirty scouring liquor into the rinsing tanks is reduced to a 
minimum. 

Fig. It), shows the elevator and tin* submerging roller of the 
second tank of the Deru machine, the former consisting of two 
toothed wheels u, rotating about a shaft, b, mounted at d. 
Hearings e support tin* pins/, which carry the paddles;/, and 
the attached zinc forks h. The mbvement of the forks which 
carry the wool is effected by tin* sliding of the rollers i, h, on 
the tracks /, m , and the wool is delivered between the i oilers 
n, p, whence it passes ^it </ into the wheel r. 

Fig. 20 shows the manner in which the wool is worked in 
the Demeuse machine by the crank rakes b , <\ to the elevator */, 
and from tie* latter to the wringer rollers/*, and thence to the 
creeper h. 

The semiring liquor in the first tank will, of eoiuse, remove 
the,hulk of the impurities, and will have to he drawn olf after 
a certain time. In order to utilise the liquors to the utmost, 
that from the second tank is then run into the first one, its 
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place being taken by tha^ from the third gink. This jransfer fs 
effected by means of an injector. * • # 

When properly washed, wool still contains about I per cent, 
of fat. In some washing nulls n larger piupoiUon is designed!) 
left in the Vool, hut this is not ad\ antugeous to the p nclmsei, 
In washing worsted wool, it is sometimes the practice to 
incorporate combings, as a cheap and pure adjunct w inch unites 
well with thfc wool and cannot afterwards he delected ihereip. 

The spent liquor fitun the washing maqjiines is run into a 
collecting tank, through a vertical non giating which keeps 
hack any ucuofiipanung wool fibres. These latter, though \ei\ 
dirty, can he washed and sold as infeiior wool. The liquois are 
then passed thiough a # series of settling tanks, when* the hulk 
ot the suspmnled impurities is deposited, after whieh the liquid 
portion is either urn oil ^r treated with siilplmiic acid or lime 
for the recovery of tin* contained fait) acids. \\ hen acid is 
list'd, the fatty acids are obtained in a flee state, hut when lime 
is employed they are in tin* condition of lime soaps, which inu^t 
then he discomposed b\ an acid. l ie* foinier method is most m 
use. and is best perfoi med in the warm. The ieco\ered f:itt\ 
acids are purified by pressing, smelting, and hleaehing. 

This recover) of laity acids pa\s mil) in the case of huge 
estahlishments, and even in such woiks the acids an%$ Id in 
their crude state to the soapmaker. 

I jattei ly, the recovery of wool tat fiom tin* washing liquois 
is practised, the liquor being treated in a centrifugal extractor, 
which retains this fat. The Matter is then purilied by repeated 
meltings, boiled with water, and kneaded with Water to form 
the commercial product lanolin, which is largely used us a salve, 
owing to its capacity for pcnctiating the ♦kin. Lielneich was 
the first to recommend it for this purpose. % 

The soapy water left in the recover) of wool fat can he used 
over again as scouring liquor. 

Finally, the potash in the \olk of the wool can he recovered if 
the w’ool, before washing, be systematically lixiviated in a series 
of tanks by the aid of water at a temperature of about 4* r > . 

in order to obtain a concentrated solution of the \olk. To this 
end the solution containing the highest percentage of \olk is 
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employed, for treating tin* fresh woof, whilst the nearly cx- 
haust^l w\>ol is treated w if h fresh water, in this manner a 
solution of about 10 B. is obtained, which can be converted 
into crude potash by concentration and calcination. According 
to HavrOg, the concentrated extract may also be forked up 
into potassium ferrocyanide if treated with an addition of nitro- 
genous materials. 8 

• 

Scouring Wool by the Maert^ns Process. 

i 

Attempts have been made to replace the oi dinary washing 
process by treating the raw wool with fat solvents such as car- 
bon disulphide, benzine, earbou tetracbloi ide, etc., and this idea 
has been admirably developed in the Maerten* process, with 
which tin* Sooiete Solvant Beige at Verviers was a!t»le to wash 
50 tons of wool per diem with a staff <> f only ten.hands and four 
overlookeis. , 

The process consists in treating the wool with a petroleum 
spirit (h.p. below 100' (\) in closed \essels for 20 minutes. 
The operation is conducted systematically, so that the unwashed 
wool comes first into contact with fat-laden solvent, and finally 
witli fresh solvent, three extractions being sufficient. To lower 
the inflammability of the benzine the work is earned on in an 
atmosphere of carbon dioxide. 

The final residue of benzine in the extraction apparatus is 
distilled with steam; and the cleaned wool is immersed in 
water, the adherent impurities becoming detached and settling 
to the bottom. 

, In this process, not only is the whole of the solwnt teco\ered, 
hut also the whole of the wool tat and in a relatively pure con- 
dition, the sale of thirl by-product nearly paying the woiking ex- 
penses of the entiv' plant. 

Carbon tetrachloride has not proved suitable for wool washing, 
being easily decomposed and liberating hydrochloric acid which 
corrodes the apparatus ; and no favourable result has attended 
the employment of carbon disulphide. 

'Washing Woollen Yarn. — Woollen yarns cannot he thor- 
oughly purified unless the raw wool has been washed perfectly 
clean. All that the present operation has to effect is the removal 
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of the oil added before spinning; and the method of treatment 
and composition of tin* washing liquor depend entn<*ly oji the 
dourer to which the oil used is capable of xipomticutum and 
emulsification. The yarn is treated in a solution of snap or soda 
(or both) up a temperature of about 10 t # until n iv;iMs f to feel 
greasy, which generally takes about half an hour. The wool is 
then rinsed in waitn water, in order to prevent theiesidual fatt\ 
particles solid if\ mg anil sucking to tin* wool It is therefore 
impossible to wash alt \ains on a ngully fixed plan, though 
generally a solution containing l per cent, of soap and d per 
cent, of soda, calculated on the weight of the yun, will bestiong 
enough. Woisted \arns are alwa\s wasln d with soa|Ponl\. 

A very useful method of eleannu' fine wools I-, washing with 
ammonia, ^ut this has not found an\ e\ti n^i\e appluation. 
Tin* wool is first washed with \ to 1 ]n r o-nt of soap an 1 a 
little ammonia , then enteied into a s» coihI weak ammonia hath, 
ami rinsed. An a’ddilinn of turkes-ied oil. or Monopol snap to 
the baths is alwa\s advisable. 

Washing Woollen Piece Goods. As in the ease of yarns, 
woollen goods made tiom caided yun are washed with soup 
and soda, worsteds with the former alone The piece is thor- 
oughly steeped with soap solution, or sodium eai donate solution 
d to •> K, in the machine, and »s loft m soak loi^ i half 
to three-quai teis of an hour, aftei winch it isimm-d h\ i Idmg 
fresh water until the ellluent inns away eleai. Should the 
goods still feci gieas\, the operation IS |epi*ated. 

Woollens are occasionally washed with soda alone, for the 
sake of cheapness, hut this is inadvisable, as it makes tin* fibie 
harsh. 

Worsteds are preferably washed twice^ ball an hour each 
time, in a ij solution of olein (soft) soaj). 

The use of ammonia can also be highly i (‘commended for 
washing piece goods. 


Blueing or White Dyeing. 

As already stated, the yellow tinge of imperfect!) bleaehvd 
lihres is often converted into a tn^re or less pure white shade 
hv the aid of blue dyes. 
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* Cotton ^arns, for example, an? blued* after bleaching by treat- 
ing thp.m Vith ultramarine in a soap bath, whilst cotton piece 
goods are treated with the same pigment in the dressing process. 

White silk is blued in a lukewarm soap bath containing a 
very snfalj quantity of koine blue or violet dye, the. vftrious blue 
methyl violet marks being most frequently used for this pur- 
pose. • 

This blueing process is of far greater importance in the case 
of woollens intended for parti-coloured*or fancy articles. In 
this case a wide range of white, shades is required, and, as in 
the case of silk, is usually obtained with methyl violet blues 
in a lukifwarm soap bath. 

The chief difficulty in blueing resides *in the accurate match- 
ing of the required tint. Of particular importance when methyl 
violet is employed is the amount of soup taken for the bath, 
since if an excess be used, an insufficient quantity of the dye 
will bo absorbed, whilst in the contrary event tin* dyeing is 
1 table to become irregular. The blued yarn has then to be 
sulphured, so that, in dyeing, the alteration sustained by tin* 
colour in this operation has also to hi* taken into consideration. 

So-called “pine white” is best obtained by first Hueing the 
goods very slightly in a hydrosulphite bath, and then shading 
off \vit|j fast acid violet, A2K ( llochst ), which is a fast and 
readily distributable dye*, in a fresh bath. 

It is still customary in some places to dye woollens white by 
treating them with some insoluble alkaline earth salt, such as 
calcium carbonate, barium sulphafe, etc., held in suspension in 
water; or by precipitating these substances direct on the tibre 
by passing the piece through a solution of sodium sulphate, and 
then immersing it ^dissolved barium chloride. 

Carbonising. 

In addition to other impurities, sheep’s wool contains burrs 
and other vegetable fragments, which adhere to tin 1 fleece and 
cannot be removed by washing. When such wool is dyed, the 
cellulose of the vegetable matter absorbs the dye less readily 
than the wool fibre, and then becomes apparent in the material 
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as light-coloured spots or nops Foiinrih thev* were i » • 
moved by cutting with a nopping tool, or hidden by slummy 
with nop tinctures, hut this procedure had many diawhucks, tin* # 
cutters lining liable to damage the cloth, wluUt the Maimng was 
of a merely superficial character, and far fiom peimaneut. 

At the present time this method has been superseded by eai- 
bonising, an operation whereby the vegetable mallei s m the 
wool are eliminated by the aid of acid and heat, which eonwtls 
the cellulose into hvdrftcellulose, the latter l%*ing easily removed 
by mechanical means. r fhe operation d«*ii\es ns name fiom 
the carhoniseif appearance assumed by tin* \<getahle mallei 
under the treatment applied. 

The reagents emploved are sulphuric and liydi ochlone acids, 
the foi mer fci a fiee state, the lattei in combination as aluminium 
chloride or magnesium cl^oi ide, both of which split up into oxy- 
chlorides and frei^ hydrochloric acid when heated. (T lie state- 
ment that these chlorides are convened into oxides and hydro- 
chloric acid at the temperatme employed in the carbonising 
process is incorrect.) 

'flu* woollen material to he carl torn sod must hr clean, and, in 
particular, free from fatty matter. If tin* wool contain any soap 
residue, the cai lionising process lixes tin* fatty acids upon the 
fibre in such a manner that then subsequent lemoval by sash- 
ing is well-nigh impossible, and they will then show up as 
patches when the wool is dyed. 

Carbonising is applied onlv to loose wool or piece goods ; and 
even the latter alternative is attended with numerous draw hacks, 
owing to the formation of acid spots, soda sphts, and other 
spots arising from impmities in tin* goods, these defects 
for the most part only becoming \isible ;*fter the material has 
been dved. On the other hand, these inconveniences are 
practically non-existent when the wool is carbonised loose, and 
for this reason the practice of carbonising in the piece lias been 
discontinued at Verviers and many other places. Where still 
in vogue the process is applied to piece goods at \aiious stages 
of manufacture, either just Ixsforc or just after milling, or after 
dyeing. This refers only to woollens, worsted fabrics being 
seldom carbou^sed at all, since if not more than ten nops are 
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found in «i hundred-yurd piece they art* taken out hy means of 
a nojjping tool, and carbonisation is therefore superfluous. 

The process is divided into three principal stages: impn*g- 
nating tin* material with the carbonising reagent ; the actual 
carbonising ; and the removal of the residual reagent. 

Impregnation consists in steeping the material for several 
hours in the reagent. In the case of sulphuric acid, the opera- 
tion is perlormed in lead-lined tanks. To ensuie thorough im- 
pregnation, ]>iece goods must he drawn* through the steeping 
liquor, the excess of the latter being squeezed out hy means of 
rollers and removed hy the hydro-extiactor (which for this 
purpose must lie lined with coarse cloth to prevent contact with 
the metal). They are then dried at a gentle heat, generally in 
a modeiately heated drying chamber; though soifletimes this 
preliminary drying is omitted, and 1 14 “ goods are carbonised in 
their wet state 1 . In such event, however, it myst not lx* forgotten 
that the action of tin* reagent is far more energetic. 

(’are is necessary to see that the impregnation is performed 
r in a perfectly unilorm maimer, and that no irregularity occurs 
in the drying, and consequently in the distribution of tin* car- 
bonising reagent, since this will certainly result in the production 
of spots in dyeing. 'This is especially the case in carbonising 
piece gflods, and the latter should therefore be carefully drained 
in the hydro-extractor and carbonised as soon as possible, 
being stored in the meantime away from contact with light ami 
air. 

The actual carbonising is effected hy passing the impregnated 
mateiial through a carbonising stove, such as the one illustrated 
in Figs. *21 and 22. 

Fig. ‘21 represents^ wool-drying stove also used for carbonis- 
ing. The wool i^ introduced at d, and passes through the 
chamber b } falling from one set of conveyers to the others in 
succession until it is discharged at c into the box d. 

Mostly there are only two superimposed or juxtaposed 
chandlers : one in which tin* wool is pre-dried at a low tem- 
pt*rature, and the other in which the material is carbonised at 
a high temperature. Ventilators are provided for the escape 
of the moist air, and the^chamber is heated by i^eans of gilled- 
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as light-coloured spots or nops Foiinrih thev* were i » • 
moved by cutting with a nopping tool, or hidden by slummy 
with nop tinctures, hut this procedure had many diawhucks, tin* # 
cutters lining liable to damage the cloth, wluUt the Maimng was 
of a merely superficial character, and far fiom peimaneut. 

At the present time this method has been superseded by eai- 
bonising, an operation whereby the vegetable mallei s m the 
wool are eliminated by the aid of acid and heat, which eonwtls 
the cellulose into hvdrftcellulose, the latter l%*ing easily removed 
by mechanical means. r fhe operation d«*ii\es ns name fiom 
the carhoniseif appearance assumed by tin* \<getahle mallei 
under the treatment applied. 

The reagents emploved are sulphuric and liydi ochlone acids, 
the foi mer fci a fiee state, the lattei in combination as aluminium 
chloride or magnesium cl^oi ide, both of which split up into oxy- 
chlorides and frei^ hydrochloric acid when heated. (T lie state- 
ment that these chlorides are convened into oxides and hydro- 
chloric acid at the temperatme employed in the carbonising 
process is incorrect.) 

'flu* woollen material to he carl torn sod must hr clean, and, in 
particular, free from fatty matter. If tin* wool contain any soap 
residue, the cai lionising process lixes tin* fatty acids upon the 
fibre in such a manner that then subsequent lemoval by sash- 
ing is well-nigh impossible, and they will then show up as 
patches when the wool is dyed. 

Carbonising is applied onlv to loose wool or piece goods ; and 
even the latter alternative is attended with numerous draw hacks, 
owing to the formation of acid spots, soda sphts, and other 
spots arising from impmities in tin* goods, these defects 
for the most part only becoming \isible ;*fter the material has 
been dved. On the other hand, these inconveniences are 
practically non-existent when the wool is carbonised loose, and 
for this reason the practice of carbonising in the piece lias been 
discontinued at Verviers and many other places. Where still 
in vogue the process is applied to piece goods at \aiious stages 
of manufacture, either just Ixsforc or just after milling, or after 
dyeing. This refers only to woollens, worsted fabrics being 
seldom carbou^sed at all, since if not more than ten nops are 
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pipe radiators or hot ^ir. Other machines for the same purpose 
comprise # the ingenious tower-like structure of 0£ru. 

All these apparatus can also he used for drying wool. 

Piece goods are carbonised in similar apparatus, 1 the pieces 
being led over rollers up and down through the chanlber. Heat 
is imparted by iron steam-pipes led through the chamber, but 
in order to prevent rust spots, all the pipe connections must be 
situated outside the chamber. • 

The temperature and tin? duration of •the process depend on 
the reagent, and, to a smaller exteftt, on the quantity of im- 
purities to be eliminated, as well as on the thickness of the 
material 1 in the ease of piece goods. Pull particulars will be 
found below in dealing with the various* reagents used. 

Alter carbonising, the loose wool is willowed • piece goods 
being beaten at once to remove thejmrrs, etc., whilst still dry 
and brittle. 

Finally, tin* residual reagent must be got rid of. When 
Fhagnesium or aluminium-chloride has been used, this is effected 
by treatment with V to 1 R sulphuric acid, followed by neutral- 
ising with weak alkali and washing in water, but in the case of 
sulphuric acid the excess has to'be neutralised by treating the 
wool with a lukewarm solution of soda (about 2‘ R) for half an 
hour or,an hour. The elimination of the acid must he complete, 
since anv allowed to remain would concentrate in the subse- 
quent drying, and corrode the wool fibres, the result being the 
production of acid stains in dyeing. However, when the goods 
are to he dyed with acid dyes the Neutralisation may he omitted, 
the removal o i the acid being then unnecessary. This happens, 
for instance, in the dyeing of fezzes. 

After neutralisation is tinished the soda in turn must he 
thoroughly got ri<J of by washing, since otherwise the concentra- 
tion of the alkali in drying would result in the formation of soda 
spots on the dyed goods being subsequently exposed to a high 
temperature* (as in the dressing process). 

At Yerviors and other places the neutralising operation is 
performed with soap and soda in small (three-tank) leviathans, 

1 Made by Hanbold, K. Kiihne, cto. 
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the soap being used for correcting tin* harshness pvoduced in 
the fibre hy carlkimsing. • 

Carbonising Agents. Tin* HUM important and most largely c 
used of these is sulphuric acid, which is onl\ replaced hy mag- 
nesium- of aluminium-chloriile. when the operation has to 1 h' 
performed on woollen fabrics d\rd with colours unable to resist 
the acid ; otherwise d\ed cloth can l>e cai lionised with this acid. 
Both the aMve-named chlorides aie milder in their aetion tjian 
the acid in question, irtul have less effect oy the* fibre or colour 
of the material under treatment. This is dm* to several causes. 

I u the first place, sul])luiric acid is a stronger acid than h\dm- 
chioric acid, the more so that it is not volatile at the*tempera- 
lure of the carbonising process, and therefoie remains in the 
fabric. Secmdh, in using the said chloiides, the temperatme 
is sucli that ammonia is llj>e lated from the wool and ueutialiseK 
the freed hydrochloric acid to some extent, so that the latter 
onK* exerts its full power in such places where vegetable 
matters occur. Finally, the action of the hxdrochloiic acid is 
weakened by the oxye.hloi ides fmnied. 

Tint main defect of the chloride process of carlionisation 
resides in the high temperature required for the decomposition 
of the reagents, the consequence being that, especially with 
magnesium chloiide, the wool is alwa\s faintly ting# 1 with 
yellow, thus impairing the purity of the more delicate colours, 
especially blues. This detect is less apparent with aluminium 
chloride, this salt nevertheless being ever less and less used, 
on account of its higher prile. (ieneralh speaking, therefore, 
only two carbonising agents sulphuric acid aifll magnesium 
chloride- are in current use*. 

Carbonising with Sulphuric Acid. The usual pioecduie is 
to employ d J to 4 11 acid, the temperature of tjie npeiation being 
SO (\, and tile duration about twenty minutes, 'file practice, 
however, varies in different establishments, the concent) ation 
mnging from 2 to B. The more dilute the acid the higher 
the temperature required, and ace cm sd. Thus, acid of 2 B. 
strength must 1 m* applied at a temperature, of about 100 (■>’., 
whereas fi B. acid can he used ay about li(f C. It is alwavs 



•130 THK CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 


prof** rahle to work with weaker acid and employ a higher tem- 
perature than under converse conditions. 

Where the fabric to he carbonised has cotton selvedges, the 
hitter must be protected from attack by coating them over with 
a solution of soda, thickened with fuller’s earth and gum. This 
practice may, however, prove a source of inconvenience, inas- 
much as by using an excess of the said solution the wool bor- 
dering the selvedges is liable to corrosion from the soda, and 
soda spots will form in dyeing. The defect may be obviated by 
using sodium acetate instead of soda. 

Carbonising with Magnesium Chloride (A Frank, 1 h 77). 
—The fabric is impregnated with a lf>° B. (or weaker) solution 
of magnesium chloride, and cai lionise*! for thirty to forty-live 
minutes, at 140 to 1 o( )’ ('. According, however, to Breinl and 
Ifanofsky a JF B. solution is strong enough. 

If magnesium chloride he heated by itself to 140 to 1 d() C. for 
some time, only about one-half of the contained chlorine will 
i>e liberated as hydrochloric acid, an oxychloride with a strongly 
alkaline reaction being left ; and the same result apparently 
ensues when a fabric is carbonised with this salt. Accordingly, 
the fabric so treated gives a stiongly alkaline reaction after- 
wards, and this reaction may be occasionally so pronounced 
that the fibre is attacked, and assumes under the microscope 
tile same appearance as when corroded by soda (see Fig. 1*2). 
To prevent this, it is necessary to dry the material thoroughly 
alter impregnation and to keep the carbonising chamber per- 
foctU dry. From the foregoing, ; t also follows that dye-stulVs 
sensitive to the action of alkalis will suiter more or less when 
carbonised with magnesium chloride. For tin* most part, how - 
ever, the defect can he corrected by after-treatment- with dilute 
acid. 

When tin* piece to he carbonised is one with cotton selvedges, 
the latter must not be coated over with soda, since the resulting 
alkaline magnesium carbonate would corrode the wool. Con- 
sequently, in such event, the carbonising must be performed 
W'jith sulphuric acid ; or the selvedges could be dressed with 
sodium acetate. 

In carbonising with magnesium chloride, care must be taken 
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that no magnesia soaps.afe formed in tin* material. smoo the>#» 
render the fibre harsh and cannot he removed b\ washing. 

Carbonizing with Aluminium Chloride (H. .lol\. 1N74). 
The fabric is steeped in a 7 ° It. solution of aluminium chloride 
(as neutral. as pos-uhle), then well diied, carbonised at* 12i» to 
ldO (\ for one hour, and well washed. 

When aluminium chloiuh 1 is heated by itself at 120' (\, 
about four-fjths of its chlmine is dn\en oil as hydrochloric 
acid. Here, also, an jixychloride is fomird, winch, however, 
dilVers fioin that of magnesium by having an acid reaction. 

As in the case of magnesium chloride, caie should he taken 
to pieveut the formation of a soap of the metal on tl*‘ fabric . 
and, finally, it may he mentioned that a sanely of carbonisation 
effects mav he pioduced on mixed cotton ami wool fabrics by 
piloting with aluminium cbloi ide. Owm^, lioweser, to the cost 
of tins reagent and its lacf of ads untages, its use in cai lionising 
is qow practically •abandoned. 

( \irl>onising with live hydiochlot ic acid was piactisrd, hut 
onlv for a shoit time, in Uelguim. The hsdiochlorie acid gas, 
produced by tin* action of sulphuric and on common salt in 
retorts, ssas conducted by means of a cuuent of an over the 
wool spread out on flames, or a solution of the and svas 
sprayed o\er the wool by a lewdving Inush. the mateijj 1 being 
afterwards exposed to a high temperature. r fhe disadv ntages 
of the method consisted in the corrosion of all the metallic 
fittings of the apparatus, and in the difficulty expei leneed in 
regulating the strength of thy reagent. 

Nevertheless, this method is frequently used fqi carbonising 
shoddy and similar goods, the mateiials being treated ssith 
hydrochloric acid gas in revolving drums, or else left to soak 
for some time m hot dilute hydrochloric acid, m wooden vats. 

Of late years, sodium bisulphate has be?*n advocated for 
earlwmising wool. The strength of the solution is .V to O’ JV, 
and the operation takes about three-quarters of an hour at a 
temperature of 1(X) ('. The effect is, however, less powerful 
than sulphuric acid ; hut, on the other hand, there is not the same 
attack on the wool, and the method is quite suitable for applica- 
tion in numerous instances. The "goods are finally neutialised 
with a 2 to T K. solution of sodium carbonate. 
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c Thejdqfects of manufacture liable 'to be produced by the 
operation' of carbonising are, as already mentioned, the stains 
c developed in the subsequent dyeing, which are due to either acid 
or alkali. 

Soda stains may result from neutralisation or from careless- 
ness in carbonising with magnesium chloride, or, finally, from 
dressing the cotton selvedges with soda." They frequently 
appear as dark patches in the dyed cloth, and can almost 
invariably be recognised by microscopical examination. 

Acid stains occur solely after caibonisation with sulphuric 
acid, and show up as light patches in the dyed cloth (sometimes 
also before dyeing). If the action of the acid in these places 
has been strong, they will be found to damp more readily in 
water than the other parts of the material. These stains require 
a very experienced eye to detect under the microscojx?. 

Tfowever great the care bostowed on the sulphuric acid car- 
bonisation process, the presence of impurities is liable to cause 
'acid stains; hence, in the case of such wools, it is better to car- 
bonise with magnesium chloride. 
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MOHDANTS AND MOlU>\NTIN<i. 

Mordants. 

In the operations of dyeing mu! printing fabrics a number of 
metallic salts are employed to fix the mordant dyes, in the form 
of lakes, on the fibre. The lakes are compounds of the dye stuffs 
with metallic hydroxides. They are insoluble and very resistant 
towaids reagents, and the visual method of bringing them on the 
fibre is to first prgpipitate the hydroxide, from a metallic suit, 
on the fibre and then dye with a suitable, dye-stuff. The 
metallic salts, or hydroxides, used for this purpose are termed 
“mordants," and the operation of precipitating the hydroxides 
in and upon the fibre is known as “ mordanting". 

To be of practical utility, a mordant must fulfil the following 
requirements. Cheapness; easy precipitation of the hull oxide; 
insolubility iu water on the part of the hydroxide, coupj# i with 
a certain affinity for the fibre; the resulting colour hikes must 
he of good colour and as “ fast" as possible, ?.c. capable of with- 
standing the influence of light, acids, alkalis, etc. These con- 
ditions, however, are fulfilled by only comparatively few metal- 
lic salts, and, in fact, the only mordants in practical use are the 
alumina, iron, chrome, tin, and copper mordants. The alkalis 
are not mordants, both their hydroxides and the com|K>undH of 
these with dye-stuffs being soluble iu water, 9 aud though the, 
alkaline earths give insoluble colour lakes, the, colour of these 
is poor, and they have no affinity for the fibres. As regards 
the remaining metals, not all of these have been examined as 
to their capacity for forming lakes. Some of them furnish 
good colour lakes, which, however, are too dear for practical 
application nickel), whilst oth<irs, though cheap, give lakes 
deficient in stability ( e.<j . zinc). 

# ~ ( 1 * 1 ) 
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Nevertheless, in certain special instances, ejj. for alizarine 
blue in calico printing, these metals also are used as mordants. 
It should, however, he mentioned that certain dye- stuffs, e.tj. 
alizarine red S, alizarine-cyanine 2(1, and others, .give hand- 
somer lakes with zinc than with the* more frequently used 
chrome mordants. t 

The suitability of a large numlier of metals to act as mordants 
for cotton wiv* investigated by A. Sctyuirer, who found that 
several of them, especially thorium, yttrium, zirconium and 
beryllium are* dyed more readily by many dye-stuffs than are 
the mordants in general use. 

According to Dreher, titanium, in the form of titanic acid - 
Ti(OH) 4 forms a suitable mordant for leather, because it can 
he fixed in the cold. The Korichrom of commerce is a titanium 
lactate mordant. *■ 

Without going more deeply into the constitution of the colour 
'lakes, it may be mentioned that for many really fast lakes, lime 
is a necessary constituent, as well as tin* mordant, and that 
even such lakes that can he used without containing lime are 
all the easier made and faster to acid when lime is present. In 
the complete absence of lime, alizarine cannot combine with 
alumina at all, since a fabric that is devoid of lime and is mor- 
danted with a pure alumina preparation, gives only a yellowish 
and cpiite unstable dyeing with alizarine. Again, whilst faintly 
alkaline bodies like sodium acetate will assist the combination 
of alizarine with an alumina mordant in the dye hath, the re- 
sulting colours will not stand acid. The fast alizarine red 
dyeings therefore consist, not of an alumina lake of alizarine, 
but of an alumina-linn* lake; and therefore lime salts may be 
termed auxiliary mdrdants. 

One and the ‘same dye-stuff will furnish colour lakes of 
divergent shade and fastness with different mordants. The 
lightest and brightest are the tin and alumina lakes, the copper 
and iron lakes being the darkest, whilst the chrome lakes 
occupy an intermediate position in this respect. In point of 
stability, it is a difficult matter to generalise, hut, as a rule, the 
copper and iron colour lake*! are the fastest under the influence 
of light. 
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Of considerable practical importance is the still insuffici- 
ently appreciated circumstance that, m many mstances#a dye- 
ing that will stand milling much heller can Ik* obtained h\ using 
several mordants in conjunction than if the\ wen* employed 
separately (see Alizarine red on wool). 

The behaviour ftf the various textile tilnes towards mordants 
is mainly dependent on their natuie, and, in a secondai) degree, 
on the metallic salt of which the moidant is composed . A 
general description ?>! the hehaviour of • the* lihies towaids 
mordants, and the operation of iiioiduiitmg. will therefore he 
given first, after which the special applications of the separate 
inoidanls will he hrietlv considered. 


Mordanting Wool. 

If wool he treated Hi a cold solution containing a small 
qqantitv of a nurtdant, a portion of the metallic h\dmxide will 
hi* taken up by the wool, the other pail lemainmg in solutmp. 
At tin* same time a small proportion of the acid of the moidant- 
ing hath is also taken up by the fihie On lepeating the ex- 
pet intent in more concentrated solutioiis.it is found that the 
stronger the hath the higher the ratio of ahsoihedaeid to ah- 
sorhed base. Wool therefoic possesses an adsoibeut rapacity 
for both bases and acids, each ol the two constituents of the 
salt used being taken up independently and as though it alone 
were present in the mordanting liipior. Tin* possibility of this 
is afforded by the circumstance that the metallic salts used aH 
mordants undergo more or less extensive bulrolytic dissociation 
in aqueous solution more rapidly in the warm and best in the 
neighbourhood of boiling temperature. 

From the foregoing it Is evident that dilute solutions an* 
necessary in the practical performance of the mordanting pio- 
cess, the object of the operation being solely to deposit a 
metallic hydroxide on the fibre; whilst the amount of acid 
absorbed should be as small as possible, owing to its unfavour- 
able influence on the formation of a lake and on the shade of 
the colour in the subsequent operation of dyeing. 

Consequently, mordanting shotffd Ik* effected hot and not in 
the cold. 
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* It has ajso been n<y,iced that in the* event of too rapid al>- 

* sorption the hydroxide is generally fixed in an imperfect manner, 

# being more superficial and often causing uneven dyeing. The 
mordanting should therefore be carried on slowly and gradually, 
on which account salts that are easily dissociated, like the 
acetates and basic salts, cannot be used for. mordanting wool. 
The most suitable mordants are — of the? alumina mordants, alum 
and. aluminium sulphate; of the iron mordants, ‘ferrous sul- 
phate?; of the <*jppi;r mordants, copper sulphate (hi lie vitriol) ; 
of the tin mordants, stannous chloride (tin salt); and of the 
chrome mordants, potassium and sodium bichromates, and 
chiomimrt fluoride. Kven when these arc used the operation 
will go on too fast if the wool be immersed in the boiling hot 
mordant liquor; and the process must therefore be pursued in 
the following manner : The wool is first thoroughly wetted by 
boiling in water for half an hour to one hour, after which it is 
entered in the hath of lukewarm mordant, to which a small 
quantity of an acid substance has been added (sec below). The 
temperature of the hath is then slowly raised to 100 (\ (in about 
an hour) and boiling is continued for an hour to an hour and a 
half longer. Loose wool and yarn must be thoroughly worked 
about in the hath to ensure uniform mordanting of the whole 
of the filpv, and piece goods are kept in motion by winding. 

Alter mordanting, the goods are generally merely cooled down 
and the excess of liquid removed, linsing being omitted. Loose 
wool is spread on the floor, yarn being unwound and hung up, 
and piece goods alternate!) folded •and opened out again, and 
finally hung oy a wooden frame to allow the excess of hath 
liquor to drain away. The hydro-extractor is, however, a better 
means of draining the goods. 

Before drying, the mordanted wool must he dyed, since other- 
wise it would have to he re-wetted for dyeing — a difficult opera- 
tion when alumina mordants have been used. The usual 
custom is to* leave the wool overnight after mordanting, the 
reason given for this procedure being, that unless allowed to 
stapd for some time the wool takes more dye-stuff to dye it 
than otherwise. The real purpose of the delay, however, is 
apparently to give the excess of mordant time to drain off, since 



MORDANTS AND MORDANTIN'.!. 


i:»7- 

the larger the amount of this liquor introduced into tin* d\e 
hath the greater the loss of the through useless precijiitation 
as insoluble colour lake. It is therefore more rational to wash 
the mordanted woollen material previous todyiujj. hut it should 
first he allowed to *»et quite cold, or pail of the lived humlauL 
will he sine to wa*h out. 

When tin* wool fias been mordanted with a sulphate, *•.«/. alum 
or ferrous sufphate, it will alwavs contain a little sulphui ic acid ; 
whereas when stannoifs cliloride inis been ysed°the fibre takes 
up only a very little IndrAchlorie acid, if any at all, partly be- 
cause the amount of this mordant used is small, and also because 
wool has probably a smaller capacity for ahsoihin^ Imfiochloric 
acid than it Inis for sulphuric acid. Should tin* arid so 
absorb'd he found to have an unfavourable etTect on the d\e, 
tin; defect may be remedied h\ adding a little ammonia, to 
neutralise the acid, towards tin* end uf the dyeing process. 
This is freqin*ntly done in d\ein^ with logwood, and the same 
effect may he produc e! by means of calcium acetate (nbtaimaT 
by coireetiii^ the water with acetic, acid), the favourable in- 
tluencc of which salt m logwood dyeing is thus explained. 

In the tore^om^ method of mordanting, it. is alwa\s custom- 
ary to add a small quantity of some acid substance to the hath, 
such as potassium bitai Irate, oxalic acid. 01 sulphui ic the 

first named bein^ most frequently used, notwithstanding its 
hi»»h price. Tin* part played by these adjuncts has not yet 
been elucidated; hut it is assumed that m monlanlihtf with 
sulphates, chlorides, etc., tlf?*y retard the dissociation of the 
salts in question and protract the absorption ol 4he hydioxidffc 
hv the film*. In ordinal y morel. inline with potasmun bichro- 
mate these acid substances ^>lay a different pait, as will be set 
forth in the description of the pioeess later on. 

When dyeing with ban! water and usin^ bitai irate, it will he 
necessary to correct the water hefoiehand by an addition 
of i) to 10 per cent, of M H. acetic acid, since otheiwise the 
bitartrate, would be neutralised by the lime in the water, and 
would cease to act. 
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, • Mordanting Silk. 

Silk has a high capacity fur adsorbing the most divergent 
substances of acid and basic character, though this propeity is 
manifested in a different manm r to that of wool, being greater 
in the cold and at medium temperatures than at boiling heat ; 
consequently, if an attempt be made to infcrdant silk in the 
same manner as wool, only a very small quantity of the 
hydroxide will, be taken up. The most* suitable mordants for 
silk are cold concentrated solutionstof basic salts, readily dis- 
sociated by dilution with water. On prolonged immersion in 
such solutions the silk takes up a portion of the hydroxide and 
a part of the acid present just as in the case of wool. On 
then washing the material in water, the unfixed excess of the 
mordant is removed, on the one hand, whilst, on the other 
hand, a part of the same is dissociaYed by the dilution, and a 
further amount of the hydroxide is fixed on t'ne fibre. To cpm- 
^let e the fixation the silk is finally entered in an alkaline bath, 
which removes the last traces of acid present, before washing. 
The operation of washing between the mordanting and the fix- 
ing processes is performed with a large volume of (preferably 
running) water, a special washing apparatus being used, con- 
sisting of a series of hollow, perforated porcelain cylinders. 
These are set parallel, side by side, and are caused to revolve 
after the silk banks have been hung upon them, lly means of 
water discharged through the perforations and through jets 
placed between the hanks, the *iaterial receives a thorough 
washing. 

It will he readily understood that hard water is advantageous 
for this purpose. 

The best mordants for silk are' basic alum, aluminium ace- 
tate, basic ferrous sulphate (“ Rouil mordant”), basic chromium 
chloride, chrome mordant GA III, and stannous chloride. 

i 

Mordanting Cotton. 

‘Gotten differs from wool and silk in having practically no 
adsorptive capacity for metallic hydroxides, and must therefore 
he mordanted in a different manner. There qre two ways of 
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doing this. In one the metallic hvdroxfcle is deported in and ^ 
upon the fibre by first impregnating the latter witlf acetic 
acid, the hulk of which is then volatilised by di\ingand tin 4 * 
remainder eliminated by treatment in an alkaline bath. In tin* 
other method the hydroxides are precipitated on the fibre as 
insoluble tannatejor fatty-acid salts b\ tiist steeping the cotton 
with tannic acid or fatty acid, and then treating it with the 
metallic salt used as the mordant. 

The former methotf is used exclusively ntd>eing piece goods, 
being difficult to perform with regulanty in the case of yams. 
Moreover, it is restricted to mordanting with alumina and 
iron. The modus i>pcnutdi is as follows* 1 lie cottons are liist 
impregnated in a thorough!) umfoiin manner, with a dilute 
solution of aluminium acetate or iron pNioligmte in a padding- 
machine, the operation l*ing termed “ padding “ 

In the padding-machine sketched in Fig. 22 ih.* goods are 
unwound from the roller u and passed over the stieteher // to 
thi* trough c, which contains the mordant and three guide toilers 
d , thence the piece passes between the w linger rollers r, f, and 
is finally wound on the roller </. All the roller are of wood, and 
their trunnions rest on sloping arms h, so that the roller </, 
which isdiiven by the u]»]M*r wringer roller, can move lowly 
upwards in proportion as its diameter increases in con* >uence 
of the cloth being wound upon it. The upper wringer is 
weighted by the weight m, which acts through the le\eis /. /, 
and the rod A\ the length of the latter being adjustable l>\ 
turning the extension screw u. 

With light goods a single passage thioiigl! the padding* 
nmchine is sufficient, but ln*av\ goods ie«pnre U» be j>ut through 
twice. This done, the pure, insD ad of. being wound on the 
roller //.as shown in the figure, is led (over :*s few guide rollers 
as possible) up and down through a gently heated chamber, 
known as the “ hot flue/’ where it is dried sufficiently to make 
it fit for transport. In this manner the cotton retains the 
mordant acetate in an almost entirely unaltered condition. The 
amount depends on the concentration and on the pressure 
exerted by the wringers, this being usually adjusted so that the 
goods retain ai>out their own weight yi mordant solution. The 
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next stage is to hang 4 the goods in a warm chamber, extending 
through several storeys in the building and heated by steam 
% pipes laid on thrs floor, covered by a layer of spars. A second 
set of heaters is preferably arranged above the ceiling, to pre- 
vent tin;* goods being spotted by condensed moisture. 4 In addi- 
tion to a high temperature, a certain degree .of moisture in the 
atmosphere is necessary to the due performance of this pro- 
cess, for which purpose water vapouv is introdu6ed into the 
chamber by allowing drops of water to (tickle on to the heat- 
ing-pipes from perforated pipes moiinted just over the latter. 
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The degree of moisture is registered by a suitable hygrometer. 
\entilation is provided by means of air-pipes reaching from the 
floor up to above thojevel of the rgof. The printed goods are 
hung in this chamber for about forty-eight hours, at a tempera- 
ture of about 30° C M the wet hull) of the thermometer indicating 
some 3° to 4° lower. 

This operation is often styled the “ oxidation process," prob- 
ably because it is frequently employed for developing aniline 
blask, in which case oxidation actually occurs. When the goods 
have been mordanted with acytate, the acetic acid is volatilised 
in the hot chainin'?, leaving the metallic hydroxide deposited on 
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the fibre in the finely divided state neees^iry for tin* subsequent 
dyeing. When iron is used, a gradual oxidation to* feme * 
hydroxide also occurs. It is essential that this process should # 
be carried on in a very gradual manner, since, if the h\droxide 
be fixed ritpidly — for example, by steaming for a short time 
the colours will co^ne out less full and handsome m dyeing. 

To thoroughly fix the hydroxide, the residual traces of acid 
must be removed by a mild alkali, for which pm pose the g^ods 
are next “ dunged ** by passing them o\er gpide* oilers through 
several vats at least two* containing a decoction of cow dung 
and levigated chalk (see Fig. 2’1 1. This decoction is prepaied 



by boiling 4 parts by weight of cow dung and Od part of levi- 
gated chalk in 7 parts of wak‘r for about two hours. f lhe first 
vat is charged with H cwt., and the second witl^ fi cwt. of the 
preparation, the temperature, being maintained at 00 and 50 
C. respectivelv. When about I >00 \ards of material have hern 
passed through the vats, the baths are replenished w ith about 
•‘JO lb. of the preparation. The goods remain in the hath for 
alxmt two minutes. 

The levigated chalk and the faintly alkalimi substances 
present in the cow dung neutralise the residual traces of acid 
in the material. 

Many attempts have; been made to replace cow dung by 
faintly alkaline salts, such as ammonium carbonate, sodium 


142 THE CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 

. v * 

phosphate, arsenite, silicate, etc., but though these all act in 
the desired direction the best colours are still obtained by the 
use of cow dung. This may probably be attributable to the 
mucinous condition imparted to tin; water by the substances 
dissolved out of the dung, in consequence of which no scouring 
action is exerted on the goods during their passage through 
•the bath. The best substitute for cow dung out of those named 
-above is ammonium carbonate, employed in the state of a 
2 per cent, solution, and at ordinary temperature. 

The mordanting process is completed by swilling off the 
impurities collecting on the fibre in the dung bath, and by a 
thorough washing. 

Similar in principle, but less objectionable in performance, 
is the mordanting of cottons with chromium bisulphite or 
chromium acetate, tin 1 goods being padded with the dissolved 
mordant, and fixed with boiling hot Soda solution after drying. 

Mordanting with the assistance of tannic ficid or fatty acids 
<*;ill be desciihed later on in dealing with these fixing agents. 

The mordants used in practice are salts of aluminium, iron, 
chromium, tin, or copper. The two last named are tin; least 
important, tin; principal mordants now used being those of the 
chromium group. 

Alurdina Mordants. These are employed in the production 
of the following colours: Alizarine red and alizarine orange, 
on all three classes of fibre; alizarine rose-red on cotton; 
amethyst, with cochineal, on wool; yellow shades with natural 
dye-stuffs; logwood blue on wool; and certain mixed shades, 
with alizarine anil other dye-stuffs, on cottons. 

In most cases the alumina mordants should be free from iron, 
the iron lakes heinft darker and* duller in colour than the 
alumina lakes, soVhat, if present, even a small amount of iron 
would suffice to dull the colours produced by the aid of alumina 
mordants. J?'or instance, alizarine gives a brilliant red with 
alumina mordant, but a dull violet lake with iron ; consequently, 
a handsome alizarine red can only be developed when iron is 
absent. According to the researches of Lunge and Keler, the alu- 
minium sulphate used for dyeing alizarine red should not contain 
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more than 0001 per cei;W of IV. For the preparation of ,* [\ \y 
aluminium acetate for alizarine steam led. the ;fluminiuiu 
sulphate may contain up to (VOO'j per rent. of Fe without any 
ill -effect on the colour. 

The mo*t important salt of alumina is alum (A1 .tSO^.,K ,S( ) 
24H 2 0), which is used both per sc and in the piep.iiutmn of 
other alumina mediants. Its active constituent is aluminium 
sulphate, th$ potassium sulphate plaxing no imjkntant pait. 
Hence aluminium sulphate can also he used as ^moidant, and, 
indeed, is preferable, inasmuch as it can now he obtained at a 
relatively lower rate, in compaiison with the peicentage content 
of alumina present, than alum. The latter continues to he 
used, however, in many places. its eiNsi.ilhne fnim being com- 
sidered to alToid a hetter guarantee ot pmity. Ne\ e» theless, 
the commercial sulphate in lumps is also, foi tlie most pait, 
free lioin iron, hut, its* com])ositiou being megulai, needs 
checking by anal\Vis. 

Alum and aluminium sulphate aie tie* only alumina moidant> 
used tor wool. Phe quant tty ol alum taken \.iries horn b to 12 
percent., accoidmg to the natui e and inteiisit\iof the d\emg, 
and it is employed in conjunction with ‘2 to <) per rent, of 
potassium hitaitrate or oxalic acid and a 20 to tOdold quantity 
of water; the above percentages heme calculated to the v iglil 
of wool under treatment. 

Alum, as such, is unsuitable toi moidantmg silk and cotton, 
its sulphuric acid preventing the fixation of the hydioxide. un- 
less previously neutralised, #Lo some extent, by an alkali. A 
partly neutralised alum solution of this kind is known in 
practice under the name “basic sil mu .** the assumption being 
that it contains a basic salt of alumina. Tims, for example, il 
one molecule of sodium bicarbonate he tsAen to neiitialise the 
sulphuric acid in one molecule of alum, tin* reaction ensuing 
may be expressed by the following equation ■ 

A1,(S0 4 ), -f Na.CO, + U,0-Al,(SO l )d01I), + N;\,S0 4 +('(),. 

Here, as in other cases where a basic salt is funned in an 
analogous manner, the formula reduced for the resulting salt 
from the equation is hypothetical only, and expresses the de- 
gree of neutralisation produced by the.alkah. 
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* With regard to th«; # production and behaviour of those basic 
salts pi general, and not merely those of alumina, the following 
observations may be made : In their preparation, the dissolved 
alkali generally soda- is added by degrees to the solution of 
the salt* to he rendered basic, and kept stirred, any resulting 
precipitate being redissolved by warming. , This, however, is 
not always possible?. The more strongly Hiisic the mordant, 
the more readily does it undergo dissociation into the corre- 
sponding hydroxidy or allied insoluble s,\lt. This dissociation 
is accelerated by heat and dilution .* 1 Both the different mor- 
dants and the various salts of one and the same metal behave 
in a veiy divergent manner under this treatment; moreover, 
the capacity for dissociation of basic salts is appreciably in- 
fluenced by the presence of extraneous salts. Thus, for in- 
stance, the neutralising of the acid in aluminium sulphate can 
be pushed so far, in tin 1 presence of certain salts (r.</. magnesium 
sulphate*), that the composition approximates to ALSOjfOM),, 
without causing precipitation. The precipitate obtained from 
alum solution by sodium carbonate has about the formula 
AL(OH) f ,(KO,)i and forms the ordinary gelatinous alumina of 
commerce. 

The alumina mordant for silk is prepared (according to the 
prescription of the Badische A nil in & Sodafabrik) with a 
solution containing fit) grins, of alum and (i grins, of soda 
crystals per litre . 1 After the addition of the alkali to the alum 
solution the liquid is warmed until the resulting precipitate 
has redissolved, whereupon the ! ilk is mitered in the hath, 
worked about /or ten to fifteen minutes, and left in soak for at 
least twelve hours. It is then well wrung or drained in the 
hydro-extractor and entered in a hath of V B. sodium silicate, 
worked about for a quarter of an hour, and carefully washed. 
The silicate treatment causes the deposition of aluminium 
hydroxide, and not aluminium silicate, on the fibre. 

Kor mordanting cotton with alum, concentrated solutions are 

1 Those proportions correspond to one molecule of sodium carbonate 
pci* three molecules of alum, and the resulting alumina salt will have the 
formula A1 h (S() 4 ) s (OH).,. In makii/g calculations of this kind, the water of 
crystallisation in the different substances must not be forgotten. 
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used, containing 100 lo/JOO grins. of aluminium sulphate po- 
litic (10 to *20 per cent.). mul are neutralised as far Xs yi»sMhie 
with soda. Fuith**! pai ticulai s on tins pom! will he pwn in 
treating ot tin* living agent" lf.iit\ acnU). 

Aluminium acetate is piepaied l>\ dissolving aluminum 
h\dro\ide m acetic arid or b\ decomposing alum oi alumuuum 
sulphate with h#*d acetate. When tlni»* nioleeules of load 
acetate are# taken to one molecule of aluminium sulphate. 

normal aluminium aretale is luodmsd 

1 • • 

\laS() t ) -{• dlM.it' II O.i. - Al.jK II U,) fi i- dl’hSOj, 

hut on loweimg tlu* propodiou <4 lead acetate sulphucetules 
am foi uird- * * 

\1 (S<> 4 ) + ‘JI , l»(<\H 1 0,|. AlSl)/’ III)), \ 21 ’1*S( > 4 . 

Fur list* :is a moidant^ it is imuece ^ai \ that tin* whole of 
the sulphuric acid present in aluminium sulphate should he 
thrown down ; in fact, it is pivtciahle m piacticc to select tin* 
proportions in the preparation of aluminium acetate so that 
a sulphacetate is pioducvd instead of the normal acetate. 
(jeneralK not more than a half to t In ee-ijuarters of the total 
sulphuric acid is removed. 

Kor use in calico-printing these moidant solutions are made 
as highly concentrated as possible, one method adopt#'' being 
to dissolve the one salt and add the othei in the condition of 
powder. For example, a lo l>. moidant can hf* obtained by 
dissolving 1 part In weight of aluminium sulphate and 1 ) ou t of 
lead ajetatc in 2 parts of water, this solution being diluted 
according to requirements, and occasionally leii^eied basic h\ 
an addition of chalk. 

The various acetates nia\ he ddute^ with water without 
undergoing dissociation ; a few ot them thit^w down a deposit 
when heated, hut this is redissolved on cooling. 

The aluminium acetate mordants are chielly used in calico- 
printing, and also in piece dyeing cottons. Fflr turkey-ied 
dyeing, solutions of 2" to 3 IK strength are used. 

Silk can he mordanted with h IK aluminium acetate juntas 
w’ell as with basic alum. 


10 
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, In the case of wool these salts are* not used as mordants, 
hut are employed as waterproofing substances in the dressing 
process. 

For dull colours the pure salt is replaced by the cheaper 
aluminium pvrol ignite. 

Aluminium sulphocyanide is prepared, by double decomposi- 
tion, from alum or aluminium sulphate and barium or calcium 
sulphocyanide • 

Auso )., + ( ;jJhi(CNS), « dHaSo; + auonsj,,. 

Lt is used to replace aluminium acetate for alizarine steam 
red in calico-printing, since it does not corrode* the; steel doctors 
of the printing machine and does not introduce iron into the 
printing colours. As, however, it readily corrodes cotton fibre, 
when hot, the printed goods must he hung some time previous 
to steaming. The salt has no other » ses. 

Sodium aluminate (NaO.AlO) is prepared l>y dissohing 
..aluminium hydroxide in caustic soda and neutralising the 
excess of the latter. On account of its strongly alkaline i fac- 
tion, this mordant can only he used for cotton, for which pur- 
pose it has several advantages over the other aluminium 
mordants. For instance, an alizarine red developed hy its aid 
is less susceptible to the influence of iron and heat, and is 
easier to discharge. In mordanting cotton, the pieces aie im- 
pregnated with a solution of sodium aluminate, dried, and passed 
through a warm solution of ammonium chloride (sal ammoniac), 
whereby aluminium hydroxide is precipitated on the fibre. It 
is used for turkey-red in the Schlieper and lhium method — 
though then nxed in a different manner and also as an ad- 
junct to naphthol preparations for nitraniline red, as well as 
being employed as a r serve under aniline black. 

Aluminium llmride forms a good mordant for wool, the 
-colours being brighter than with alum ; it is not used, however, 
in practice. 

Of the other salts of alumina only the nitrate, chloride, and 
•chlorate need he mentioned. These arc used in calico-printing, 
the nitrate sometimes for alizarine steam red, the other two for 
red discharge on vat blue with alizarine. Aluminium chloride 
is also used in carbonising (i/.r.). 
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Iron Mordants. These plav it most im}x»rtuni part in black 
dyeing nil three fibres witli logwood ; they are also used MV dy- 
ing wool brown with dy-woods, and on eotlon for eateelm 
and several alizarine dyes. fur ali/anue violet m calico-printing, 
for green with nitroso dyes. for lleilm-hlue and ehatmns on 
cotton, and for darkening sundry tannin dyings. The salts 
used as mordant*? are ferrous sulphate Igieen vitiiol). iron 
pyrolignite, and so-called iion nitrate. • 

Ferrous sulphate ami " Sal/burg viti iol ntmixtut e of fen oils 
sulphate and copper sulpliate) are the only iron compounds 
used for nioidanting wool. When the dying is for logwood 
black, a pieliminarv nioidanting is given, in other the 

daikemng method is practised. (See Pvcing.) 

On cotton, ferrous sulphate is fixed on the fihie 1>\ means ol 
tannic acid {•{.>'. ). it is m^ longer in use for silk, except some- 
times for black. # 

Final 1\ this salt is also used as a ledueing agent in the :.o- 
called vitnol vat 

Iron pvioligmte is prepared hv dissolving seiap iron in crude 
pyroligneous acid, and touns the most important and almost 
the sole iron mordant foz calico-printing In cotton-dying it 
is used according to the two methods ahead) desciihed the 
solution emplov ed foi dark colon r» bring onlv a few degt <-s H. 
in strength. 

The ehi«*f constituent of non pynliguite is fcuous acetate, 
which, however, in the pure stale is not a good moidant for 
cotton, being too readilv oxidi-sihle, and consetpientlv poorly 
fixed on the fibre. The pvioligmte, on the other hand, forms a 
good mordant owing to the piesenco of other matters which 
retard th(‘ oxidation of the acetate. With # thc same object, and 
also to retard the fixation of the hvlroxide, i^ is customary to 
add a solution of arsenic in acetic acid. Sometimes, however, 
e.ij. for pale chamois (and also for alizarine* violet), pure fenous 
acetate, prepared from ferrous sulphate and leaif acetate, is 
employed ; this product frequently contains an excels of lead 
acetate, which then comes down as lead hydroxide with flic, 
iron chamois and lightens* the shade. 

When iron pyrolignite is used for njordanting piece cottons 
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along with aluminium acetate, the la\ter should be as free as 
possible from sulphuric acid, since otherwise ferrous sulphate 
will he formed, and this is difficult to fix. In silk-dyeing, the 
pyrolignite is used for black, and is fixed with tannic acid (q.r.). 
For wool, it is used only in the case of pelts, etc., that are 
mordanted cold. * 

Iron nitrate is the name given to a class of ^mordants produced 
hyj.be action of nitric and sulphuric acids in variable quantities 
on ferrous sulphnU*, and consisting of a mixture of neutral and 
basic ferric sulphates and ferric intro-sulphates. 

The following proportions of the? said reagents are used in 
the preparation of normal ferric sulphate* : 

fiFeSOj + :m,S() 4 + 2 UNO., = .WV,(S() 4 ) :i + 2NO 4* 4H,,0. 

Hy using less sulphuric acid, r.<i. only half tin* above quantity, 
a basic ferric sulphate is obtained — c ‘ 

l^FeSO. + dll.SO, + f 1 1NO., ~ dFe^SO^OI [) 2 + 4N0 + 4H,0. 

Hy employing more nitric acid, nitro-sulphates are produced. 
In reality these mordants do not contain any nitrates, and 
the term by which they are known is therefore inaccurate. 
They are put on the market in the form of reddish-brown con- 
centrated solutions, frequently containing free nitric acid. 

TheTixation of these mordants on the cotton fibre is effected 
hy the aid of tannic acid, as in the oase of iron pyrol ignite. 
Their principal application is in the black dyeing of silk, for 
which purpose a mordant is prepared, the composition of which 
nearly corresponds to the formula in the above equation, riz. 
Fo 4 (S0 4 ),,(01 \)., y and which is known as “ Komi mordant ”. The 
method of use differs according as the silk is in the raw, souple, 
or scoured state. The last named is mordanted in the follow- 
ing manner: — . 

The silk is immersed in a d() H. solution of the mordant for 
about an hour, after which it is taken out, unwound, and care- 
fully washed, preferably in hard running water. 

These operations are usually repeated several times over, the^ 
tihal fixation of the mordant being effected in a boiling hot 
soap hath. The mordantedVsilk must not be allowed to dry, or 
it will be corroded hy tjje mordant. Kaw and souple silk are 
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mordanted in a weaker solution, and. for tjie sake of cheapness,' 
the fixing is generally performed with soda instead of so:^>. 

Chrome Mordants. At the present time the chrome 
mordants are the most important in use, main dsein^s 
formerly mordanted with alumina or iiou salts hehi^ now 
treated with ehroiye salts instead, and. with the exception of 
a few of the alizaAne dvrs, all arlitieial mordant dve -stuffs are 
fixed with clirome mordants e\clusi\ rj\ . Their chief use is 
in tlie fast dyeing of wool. % # 

These mordants dilVer V*vatl\ m behaviour fiom the non 
and alumina mordants, heintr, on the one hand, moie dithcult 
of dissociation, and theiefoiv hardei to li\ on the 1ilu«, whilst, 
on the other hand, t h ^ eomlnnation <»l the fixed elnonnum 
h\dio\»dc i.r. tin* fnimatinn of the colour ht hi* is cHected 
mole readily. As re^aid^ tin* first-named piopertv. this comes 

m evidence ulicadv dining the tieatnu nl of the solution with 

• • 

alkaline substances, tin* • piantitative pi eeipitalton of the 
hydroxide ‘'enerallv reijuiriiie the temj>eratui e of hoilin^-heat 
for its accomplishment, a property that is termed “passivity 
towards precipitant* ”. In the ease of the iron and alumina 
monlants, tin* acetates *»ive up tin* hvdmxide moie iradilv than 
the sulphates, the eon verse hem*', however, the case hen*. 

The chromium acetates an* s<» dillicult to decomp^^ that 
they cannot he used like tin* acetates of alumina ami non. 

\ further peculiarity of the chiommm salts is that they exist 
in two modifications, one violet and the other ^teen, which 
differ m their behaviour 'towards juecipitants and also in 
mordanting. The cause is dm* to their different constitution. 
According to A. Wei ner, tin* ureen ehromiuni cliloi ide contains 

two chlorine atoms in direct combination with tin* chromium, 

• • 

whereas in tin* violet ehlonde all three atoms of chlorine are 
precipitable by silver nitrate in the cold, ami theiefore cannot 
be regarded as directly combined with the chromium. The 
transference of the first modification into the othffr is an easy 
matter. 

The aforesaid passivity towards precipitant** was for a U>ng 
time a hindrance to the employnfmt of the chromium salts as 
mordants for cotton. 
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The chrome mordants consist of the following salts : 
Chromium acetate, bisulphite, lluoride, basic chloride, alkaline 
chrome solutions, potassium and sodium bichromate, and 
chromic chromate. Unlike the corresponding salts of iron and 
alumina 1 , chromium sulphate and chrome alum are unsuitable 
for mordanting wool, the dyeing being irregular unless plenty 
of potassium bitartrate is used as well. W ool can, however, 
Ik) very satisfactorily mordanted by means of 7 'per cent, of 
chrome alum a,nd .’bj per cent, of oxalic acfd. Moreover, chrome 
alum - which is a by-product in the* manufacture of alizarine, 
and is cheap can frequently he used for chroming after dyeing. 
It is also an initial material for the production of other chrome 
mordants. 

Chromium acetate is produced, by double decomposition, 
from chrome alum and lead acetate. As was the case with 
aluminium acetate, the product is not the normal acetate but 
a sulphacetate, and only about one-half to two-thirds of -the 
sulphuric acid present in the chromium sulphate is precipitated. 
These compounds are almost exclusively used as chrome 
mordants for steam dyes in calico-printing; for mordanting 
cotton their use is restricted to piece goods. 

The above-mentioned properties of the chromium salts are 
exhibited in a high degree by the various chromium acetates. 
The green solutions undergo gradual conversion into tin 1 violet 
form, tin* latter being more difficult to decompose. The be- 
haviour of these salts, therefore, alters during storage ; they 
have also the property of dissolving lead sulphate, this power 
increasing with their basicity. 

Similar behaviour is exhibited by the chromium sulpho- 
cyanides, which, however, are rarely used (in calico-printing) 
as mordants. 

f 

Chromium bisulphite is prepared by treating a solution of 
chrome alum with an excess of sodium bisulphite or calcium 
bisulphite, aiul is used in mordanting cotton piece goods, for 
which purpose it is the most suitable of any of tin* chrome 
mordants. 

Chromium lluoride, like ^he bisulphite, has only recently 
been introduced into practice as a mordant, and is now highly 



M«>KR\XTS AXh MOKJ 1 VNTINn. 


• 1 


esteemed for treating wool. l>nn^ es}H*cifUIv valuably m ias*s 
where tin* oxidising action of )>otassium liirhromaN* lenders 
this latter unsuitable. An additional advantage of tin* thionde 
is that it mordants the wool fibres m a \«*i\ read) and uniform 
manner, without affecting their spinning piopei ties or the feel 
of the resulting gytxls. It is used both foi moidauting before 
d\eing and for after-chroming (see Moid.mt I )\ e-Stulls), the 
mordanting bath in tlje fonner ease consisting of I per ceiK. of 
chromium tluoiide and 1 to 2 per eeut. of ftxali^ acid (eouuted 
Oil the weight of tile goodsi, and the opeiation being peifoimed 
in the same manner as for wool in general. 

Chiomium fluoride eon odes both glass and metals. ;tnd must 
tlierefoie he stoied ill wooden Vessels When employ'd ill 
copper d\e \ats. its aelion on that meial mas he piesmted by 
hanging strips of sheet /.141c m tin* \ess,.| 

A basic ehiouyum chloride mas he piepaied h\ dissnking 
chromium hsdroxide in cliiomium ehloiide. and is used for 
mordanting silk and eotlon \anis. In 11101 dant mg silk (aeeui d- 
ing to the lecipe of the Badisrhe Amlin A Sodafaluiki the 
goods are immersed for si\ bonis in a 2*1 B. solution of 
chromium chloride, then washed m pk nts ot watei. Heated in 
a cold hath ol 1 Ik sodium silicate foi a quarter of u liour, 
unrolled, and eai efulls washed. § 

The mordant me of cotton saru with this lcagent is etlected 
in two \\a\s m one. the sain is impregnate d with tin* mordant 
solution, dried, and pa** % » d through a boiling hot solution of 
soda; whilst in the othei. the h\dio\tde is fixed by the aid of 
tannic acid or oleic acid. (See I ■ 1 x i n j_r Agents j 9 

Alkaline chrome solutions aie obtained h\ dissolving 
chromium hydroxide m caustic soda, or A»\ tieatmg a di-solved 
chromium salt with sufficient can-tie s<>da«to redis*-ol\e the 
precipitate first formed. ()n iu*coiiiit ot then stiongk alkaline 
reaction, their use is lestiicted to cotton. 'Plus hlae is mor- 
danted hv impregnating it with a solution of tfns kind and 
leaving it to stand for tweiitv-four liours, finally washing with 
water to get rid of the excess of the sulution. . 

Potassium bichromate, often ciflled “ chromate of potash, is 
the most important of all llie chromium salts, and pla\s a great 
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part in thg dyeing and printing of fabrics, its applications being 
jnany ftnd varied. As a mordant its employment is restricted 
to wool, for which it forms the principal reagent of this class. 

The chroming of wool has been the subject of considerable 
study, tlfy results obtained being as follows: If wool be mor- 
danted by bichromate alone, the material absorbs chromic acid, 
leaving a normal chromate behind in the bath. Since the 
composition K. J (’rO i 4- (VO., must he ascribed to the bichromate 
in aqueous solurtionf the wool apparently takes up only the free 
chromic acid present, and therefore it is usual to increase the 
activity of the. bath by an addition of sulphuric acid, which 
liberates'ehromic acid from the normal chromate, this extra 
acid being then absorbed by the wool : 

Iv.CK), + H.SO, = (t() ; , + Iv.SO, + 11,0. 

♦ 

Thus rather less than 1 part by weight of sulphuric acid is 
required (theoretically) for 'A parts of bichromate ; and this pro- 
portion is employed in practice, inasmuch as the solution used 
contains per cent, of bichromate and V to 1 per cent, of sul- 
phuric acid (calculated on the weight of wool) with a «*]() to 10- 
fold quantity of water. For very dark shades— especially when 
dyeing with polyoxyanthraquinonc dyes (alizarine cyanines, 
etc.)- -14 per cent, of bichromate and U per cent, of sulphuric 
acid are used. The hath is never exhausted; a considerable 
quantity of chrome being left behind. 

The precise form in which the chromic acid is contained in 
the wool is unknown, hut, from thd yellow colour of the mor- 
danted fibre , is assumed that a portion of tin* acid is in the 
free state. On prolonged storage, especially exposed to light, 
an appreciable reduction to chromic oxide occurs, and this cir- 
cumstance may lepd to subsequent irregularity in dyeing. 

It is assumed that the mordanting action of the chromic acid 
is confined to the portion reduced to the state of chromic oxide 
by the wool itnd the dye-stulV. 

The method described is but seldom advantageous, more 
handsome colours being obtained when the sulphuric acid is 
replaced by potassium bi turtnU>u or oxalic acid. In such event, 
as may be concluded from the green colour of the mordanted 
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wool, a much more extensive reduction of the chronjn* acid to 
chromium hydroxide occurs; and that tins is aetuatly the ' 
principal effect of these adjuncts is evident from the fact that 
these two reagents may he successful!) replaced h\ other 
organic substances. Finally, mention max he made of tJTie follow- 
ing fact : When wool mordanted with hichiomate and sulphuric 
acid is treated with a reducing agent, such as bisulphite, it 
turns green, and then gives tin* same lesults in dxenvg as 
though mordanted with hichiomate and Uitartaate. For this 
purpose tin* wool ma\ he treated with .’> percent, of commereial 
bisulphite solution for ten to fifteen minutes m a lukewarm hath. 

The circumstance that wool mordant' d with hiehutmate and 
sulphuric acid generally furnishes dull eolours mas he explained 
by the assumption that the chromic acid nxulises a portion ol 
the d\ e-stult to discolour'd products. This hiethod, however, 
is now practical]) - abandoned, because ul its weakening elfeot 
on* the wool ; and it is only used in except lonal eases ; r>i. f“!» 
alizarine \ el low ( r ( i \\ r . 

The adjuncts, hitartrate and oxalic acid, do noL heha\e alike, 
the loimer usually giving puier coloms than the lattei, and 
being therefore more often used, notwithstanding its higher 
price. A purer. semi-crWal loim of the lutuitiate is employed 
for specially hiilliant shades. The mordant for dark t<* s con- 
sists ot 1 per cent, of potassium bichromate and il per cent, ol 
hitartrate, whilst for lighter shades 1 per cent of each is taken. 

In some cases the othe*’ adjuncts to the chiomc hath un- 
equal, and even superior, To hilaitiate, thus in mordanting 
hat bodies tor light sliades. oxalic, acid is prefeifthle on account 
of its cleansing pioperties; for duik sliades with alizarine red 
and alizarine orange, sulplyiric ac id is Ju* In-st adjunet to the 
hath, as giving colours vei\ fast to milling. m 

Latterly, a whole series of new substitutes for tartaric acid 
have been introduced with more or less success. The l>est of 
these is lactic acid, which effects tin- complete adsorption and 
reduction of chromic acid. Tin* mordanting mixture consists 
of 2 per cent, of bichromate of potash and per cent, of Ittctic 
acid (or 4 per cent, of potassium* lactate). Ammonium lactate 
is also used. 9 
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Vegetal y> is a useful tartaric acid substitute, introduced by 
Jjuhtmfn .t Voss (Hamburg) and G. Becker .fc Co. (Keinpen). 

The A. (i. fu r Anilinfahrikation, Merlin, recommends the use 
of sulphate of ammonia in mordanting with bichromate of 
potash, tV* former salt being gradually decomposed, by the 
heat of the bath, into ammonia and sulphuric acid, thus en- 
suring uniform mordanting. The preparation for this purpose 
is known as inetach route mordant. 

t 

Formic acid, •which of late years lias come into use in dyeing, 
merits careful attention, since it ensures very complete utilisa- 
tion of the bichromate bath, so that 1 .} to 2 per cent, of bichro- 
mate* of [fotash (and 2 per cent, of HO per cent, formic acid) will 
he sufficient for even very dee*]) dyeings. The distribution of 
the dye, also, is \ery uniform. 

A consideration of some practical importance is the fact that 
light shades are rendered faster towards light, when mordanted 
jvith chromium fluoride than with bichromate and one of the 
above adjuncts. The only explanation of this is by the assump- 
tion that wool mordanted with bichromate always retains part 
of the chrome as chromic acid, which then acts destrueti\ ely on 
the dye in presence 4)1 light. 

Bichromate is an important agent in cotton-dyeing and calico- 
printing; it is used as an oxidising agent for aniline black, for 
catechu dyeing, to improve the fixing of certain* tannin dyeings, 
as a discharge for vat blue, and finally for the production of 
chrome yellow and orange on the fibre. 

Sodium bichromate is very similar to tin* potassium salt, 
from which it A i tiers only in its hygroscopicity, ready solubility, 
and cheapness ; it may therefore advantageously replace* potas- 
sium bichromate. Tte commercial grade of this salt is of 
variable composition, and should therefore always he checked 
by analysis. 

(’bromic chromates are put on the market in three murks — 
G A 1, < ■ A II, (lA 111 by the llochst Fail) we ike, the two first 
grades being suitable for mordanting cotton by the following 
method: Before use, the mark GA 1 is diluted with 2 to 4 
parts of water, the goods being then immersed for twelve to 
twenty-four minutes, and carefully washed w ith water. Before 
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rinsing, it is advisable to Heat them with a weak 1} pci rent.) 
solution of soda for twenty to thirty minutes at f> 0 # (\ • Piece 
goods are impregnated with the solution by padding, then 
wound on a roller and left covered up. the lemainder ot the 
treatment being as already described. • 

The (lA II mojdanl can be fixed on the hhie by a gentle 
steaming or hanging in the oxidising chamber, and is hrtter 
adapted foi* piece goods. The moidant is diluted with Jour 
times its own volume* of water, and ieeei\e$ an addition ol S to 
10 per cent, its volume of glycerine . m this solution the goods 
are padded, then steamed for ten to twenty minutes without 
pressure, and finally treated as in the preceding raae. Moth 
these mordants are sensitive to light, a eiicutnstanee that 
should he borne in mind when they aie being used. 

Finally, the mark C ■ A III is recommended tor wonl-pi inting 
and for mordanting silk, the latter being steeped tor twelve to 
twenty -four lioui s in the mordant solution picuously diluted^ 
with about four volumes of water -and washed aftei lifting. 

Chromalm (KberleA Co., Sluttgai 1) is a piepaiation winch, 
according to the* Patent specification, is obtained by ti eating 
acidified bichromate solutions with glycm me. e:u hoh\di ales, etc. 
Complex organic chromium compounds aie piohably pi educed , 
and these, when dissolved in a little acid, tmni'di 114 easily 
fixed chrome mordant, specially suitable loi the \1gome11x 
method of punting, in whieh a short steaming is benrliei.il. 

Tin Mordants. As independent moidants th** tin compounds 
are of inferior importance ♦ tliey aie used toi pmducmg bright 
yellows with natural dye-stuffs. for cochineal scarlet on wool, 
to improve the brightness of ali/aiine red on cotton, and foi a 
fast acid red with santal-wood on cotton (in mixed wool and 
cotton goods). The chief ot these salts an* the chlorides 
stannous chloride or “tin sail.'* ami stannic cliloi ulr and 
sodium stannate. 

Stannous chloride is the most impnit.mt monffint lor wool. 
The hath is prepared with 11 to *pei emit, ol stannous chi 01 ide 
and 2 to 4: of oxalic acid or bitartrate, and the operation is 
generally conducted hv the single#hath method. The use of tin 
mordants, however, lowers the capacity of the dyes for insisting 
the action of the milling process. 



15(5 THK CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 

« 

r n the case of Hilk.stannouH, chloride is used, not for mor- 
danting, hut for loading the fibre in black dyeing with cutch 
{catechu); whilst for cotton it is employed to brighten the 
colour in turkey- red dyeing. 

By reason of its reducing action, stannous chloride forms an 
important discharge in calico-printing. Ft js also used in the 
production of the so-called “carmines,” i.e .* colour lakes pre- 
pared by precipitating dye-wood extracts with stannous 
chloride. % 4 

A certain amount of cart* is required in dissolving this salt 
in water, owing to its tendency to separate out, in part, in the 
form of an insoluble basic salt (SnOHCl). The best way is to 
dissolve in a minimum of water and hydrochloric acid, in an 
atmosphere of carbon dioxide. 

Stannic chloride; (tetrachloride) is ^he chief tin mordant for 
cotton and silk. On cotton it is fixed by the aid of tannic acid 
^/.r.). The method of mordanting silk with this salt though 
seldom used is as follows: The silk is steeped for one hour 
in a clear .‘J2 13. solution of stannic chloride, alter which it is 
well washed with water and treated in a hot hath of soap and 
soda or of the latter alone, according to the quality of the silk, 

followed by another washing. Stannic chloride is very 
largely *used for loading white or light-coloured silks. The 
method formerly adopted was that just described for mordant- 
ing with tin, but this lias now been generally superseded bv 
the following, which enables a heavier loading to be obtained. 
The silk, after juissing the tin bath* and tin* subsequent wash- 
ing, is immersed in two baths at 50 (\- -one hour in each 
the first consisting of an S'* B. solution of sodium phosphate, 
the second of a 6‘ J£. solution of sodium silicate. By this 
means tin* weighted’ the silk is increased by IN to 20 per cent. 

This is, however, not tin* normal manner of operating, it 
being necessary to emplox the said baths repeatedly in order 
to obtain a Higher degree of loading. The treatment in the 
tin bath and phosphate solution is repeated, but the silica 
bath is only used once at the end of the process. If, for 
example, it is desired to load % a China silk weft to 50 to 60 per 
cent, above par — /.e*. al>ove the original weight yrior to scour- 
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ing — it is (Mitered three limes in a tin bath, followed in each 
case hyw, phosphate hath, and finally hy tin* silicate lmtft. 

When it is a question of loading silk to a fixed limit, it must 
be remembered that Japanese silk “draws” better (that is. 
takes up more from a gi\en hath) than ('hina or Itaiyin silk 
This phosphaUfrsilirate method of loading has been supple- 
mented in an important derive b\ the conjoint use of sulphate 
of alumina. This salt is employed in eases whole an additional 
tin bath would give too much weight : for* exatnple, when the 
increase in weight is not’lesned to In* more than about 10 per 
cent. Iti order to load a Japanese silk wui p up to oO to 00 per 
cent., one cannot give tour pink and tom phosphate toiths asm 
the case of (’Inna silk, because the weight would come out too 
high, whilst three baths of each would lie insufficient. In siieh 
cases, therefore, the thiij) phosphate l»ath is followed h\ treat- 
ment with sulphate of alumina, and this m tutu l»\ another 
plTosphate hath, a treatment with water-glass completing th^ 
process. Sulphate of alumina also plumps out. tin* silk thteads. 

In the event of a hatch becoming ovei loaded, the weight may 
he reduce* 1 hy treatment w ith hxdrofluoi ie or oxalic acid, as 
already mentioned in connection with scouring silk. An) 
patchiness resulting from the water-glass hath can he » moved 
hy ammonia. • 

This method *of loading silk, which is said to have hem in- 
troduced hy Neuhaus ill rout forty years ago, plays an important 
part in silk dyeing. and much lias been written in its favour 
of late years. Heavily loitded silk has the defect of very soon 
growing brittle- oftentimes during storage *md especially 
when the reddish patches about which so much controversy 
has arisen, make? tlieir appeal anee. ()j| the other hand, load- 
ing makes the; silk threads plumper, and # thus enables silk 
fabrics to he woven with less material (u\ cheaper). 

The quantitative determination of the extent to which silk 
has been loaded can be determined by the hydrofluoric acid 
method and others. 

Formerly the so-called “ pink salt” (Sn(d,2NH 4 ( l) % was 
largely used for the same purposes as stannic chloride. A 
crystallised chloride (SnCl 4 5H./)) is^also sold under the above 
title. 
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Sodium t stamiatc is El oquently styled " preparing salt," owing 
to its Employment in preparing fabrics for printing. Its chief 
use is in printing woollens, its employment for cottons being 
now mainly confined to the so-called “ Luccas”. 

■lute, a\so, is often prepared for printing by the aid of sodium 
stunnate, the fabric being lirst padded with i». weak solution of 
this salt (then dried, in the case of vegetable fibres), and then 
passed through dilute sulphuric acid, which precipitates stan- 
nic acid on tlmhhr*. The process concludes with a thorough 
washing. 

Sodium stanimte is often used to bright(»n the colours in 
turkey -n^l dyeing. 

Various tin mordants, formeily playing an important part in 
dyeing under the name of “ tin solution " can he obtained 
by dissolving tin in different proportions of nitric and hydro- 
chloric acid. At present only one of these* is used to any 
extent (for producing cochineal scarlet on wool), ri the T>o- 
called “scarlet acid”. This is prepared in various ways, the 
following recipe, however, giving a mordant that produces an 
excellent scarlet : lb parts by weight of tin an* dissolved in 
fid parts of nitric acid, If) parts of hydrochloric acid, and 78 
parts of water, tin* metal being added by degrees. As con- 
siderable heat is evolved by the reaction, the mixture will re- 
quire to bn cooled when prepared in the summfu*. 

Ol the other compounds of tin, the following find a limited 
application in calico-printing as adjuncts for steam alizarine 
red, in order to enliven the eolour^ind protect it against the 
dulling effect *)f iron : Tin hydroxide, in the form of “ tin 
paste” (prepared from stannic chloride and soda); tin sulpho- 
oyanide; tin acetate J prepared frpm stannous chloride and 
lead acetate, or l^y dissolving stannous hydroxide in acetic 
acid); and tin oxalate (by dissolving stannic hydroxide in 
oxalic acid). 

Copper Mordants.- These mordants play a small hut im- 
portant part in dyeing, their Colour lakes being extremely fast, 
if n<3t particularly handsome. At present copper mordants are 
rarely used alone, but are mostly associated with iron or chrome 
mordants in black-dyeing wool and cotton, in t dyeing cotton 
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with cuteh. and for a* few single-bath, brown-dyeings with 
natural dye-stuffs on wool. In some of these eases, ev/. •cuteh, 
they act not merely as a mordant, but also as an oxidising agent. 

It is worthy of particular note that the fastness of many 
mordant dyeings is improved bv using copper in tin* mordant. 

Copper sulphate^ or blue vitriol, is the only copper salt em- 
ployed for the ahfcve purposes. In dyeing with aniline black, 
and as a reserve under vat blue, it acts solely as an oxidising 
agent; finally, it a ls<f serves for “ coppering ” \\\t\\ many sub- 
stantive dyes, in order tc* increase their fastness to light ; its 
action in this connection has not been elucidated. 

Of tin* other copper compounds, the sulphide is used as a 
carrier of oxygen in dyeing with aniline black. 

Amongst other metals, mention may be made of zinc, nickel, 
lead, manganese, lime, and magnesia. Zinc gives good colom 
lakes with a numljer of dye-stuffs, hut the only form in w hich 
it is used in practice is as zinc sulphite for alizarine steam 
blue in calico-printing, in which case it furnishes a handsomer 
though less stable colour than is obtainable with chrome mor- 
dants. 

The salts of nickel have several times been proposed as 
mordants for alizarine, hut their high price has hitherto hindered 
their use. They.aie sometimes employed for alizaiine. blue in 
calico-printing, the? dyeings being handsomer than those with 
chrome mordants. 

Lead was in use for some time in fixing cosine dyes on 
cotton, hut does not give very good lakes, and at the present 
time only the acetate is of practical importance, this salt being 
employed in the preparation of other acetates, for chrome 
yellow and orange, and as an adjunct to reserves under vat 
blue. Of late a titanium lactate mordant -Cori-chrome — 
has been recommended for dyeing leather. 

The supplementary mordants already referred *to comprise 
salts of lime, magnesia, manganese and zinc. In some dyeings 
— alizarine red, for instance — lime in particular plays an 'im- 
portant part, its presence being essential to the mutual com- 
bination of the alizarine and the alumina. Iu other cases, e.<j. 
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many steam dyes in calico-printing, the supplementary mordants 
serve to increase the fastness of the colours produced by the 
aid of other mordants. They are used in the form of acetates. 

Manganese salts are used solely in the production of a brown 
colour, manganese bistre. Finally, in the form of potassium 
permanganate, this metal finds employment as a bleaching agent. 

Tiik Kixrxu Auk nth (Acid Mokdantsj. 

I. TfU; Tahnic Acids. II. The Oleic Acids. 

i 

A whole series of bodies, such as tannic acids, many oleic 
acids, njbumin, precipitated silica, etc., have the property of 
fixing a certain class of dye-stull's on cotton, for which they 
otherwise have hut a slight affinity. Of the foregoing sub- 
stances only the first three are of any practical importance, and 
oik*- of them, albumin, will he described later, its use being re- 
stricted to calico-printing. 

The tannic acids and some oleic acids play a very important 
role in the dyeing and printing of cotton, where they are used 
for fixing basic dyes and mordants. Their mode of action is 
only partly understood, though the formation of an insoluble 
tannic or fatty acid compound of the metal must he assumed 
when a metallic oxide is fixed hy the aid of a tannic acid or a 
fatty acid. However, in the case of fixing basic dyes, no 
chemical combination between the colour base and the tannic 
or oleic acid is probable. At all events, the part they play is 
not so important as that of the mordants in the case of the 
adjective dy^s, and for this reason they have received the 
distinctive title of “ fixing agents,” though some colour chemists, 
in the assumption that a combination occurs between the 
colour base and the tannic or oleic acid, class them as 44 acid 
mordants 

i. The Tannic Acids. 

The vegetable kingdom furnishes a number of substances 
possessing very similar properties. They have an acid char- 
acter, and act as precipitants of egg albumin, gelatine, alkaloids, 
etc. A few of them are used for tanning leather, on which 
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account they have received the group name of “tannin*” or 
“ tannic acids *\ • 

The chief tanning materials are oak hark, gull mils, eutch, 
sumach, chestnuts, invraholans, divi-divi, etc. 

(rail nuts are diseased excrescences produced on* various 
plants, notably the # oak tree, by insect puncture*. They furnish 
the best-known aifd, for the d\er’s purpose, the most important 
of the tannife acids, riz. tannin, which is obtained by extraction 
with water, alcohol, and ether. The tann^i is # clwefi\ in the 
aqueous extract, and is recovered by evaporation. On 
evaporating to dryness a solution of tannin, to which alcohol 
and ether have been added, the slowly thickening hqrjd froths 
up under the influence of the escaping vapour and finally leaves 
a very loose mass, which comes into commerce as powdered 
tannin, and is held in high esteem on account of its ready 
solubility in water. “Tannin in needles” is the commercial 
crystalline form, and is prepared by evaporating to syrupy 
consistence a solution of tannin, drawing it out into threads, 
dr\ing these on heated metal drums, and finally comminuting 
the product. 

(iallotannic acid contains as its most active ingredient a 
digallic acid, resulting from the condensation of two molecules 
of gallic acid. This condensation was formerly assigned to 
proceed on the following lines: - 


(Oil), 


(Mi; 

0 -COOJl 


TH 0H 

COOH 


* 11,0 


c j| 

" -co 

c,n/;V* 

coofi 


• ** 

hut since the discovery that tannin is an optjcally active sub- 
stance and must therefore contain an asymmetrical carbon 
atom this formula can no longer he regarded as accurate. 

Cutch, or catechu, is employed as a dye-stuff And tanning 
material. 

Sumach is composed of the leaves and twigs of a shrulr of 
the Rhus family, the best quality being furnished by Jihus 
coriaria (Sicily, Spain, the Balkans, etc.). Latter] v it has also 

11 
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been sold jn the form of a d(f B. extract. It contains gallotannic 
acid. * 

Chestnut extract is obtained from the wood of the horse- 
chestnut. 

Myrahplans are the fruit of various trees (Myrabnlanus 
chcbula, etc.) occurring in China and the East Indies. 

Divi-divi is the name given to the fruit of (‘tpsalpinia coriaria , 
Willd., found in the West Indies and South America. 

Of all these* substances the most important for the dyer are 
tannin, sumach, and cutch ; of thd rest, chestnut extract is 
principally used in black-dyeing silk. 

All ta'.ming materials exhibit a tendency to turn, on oxida- 
tion, into yellow or biown dye-stuffs, which have an ailinity for 
cellulose. They are all therefore more or less strongly coloured, 
except tannin, which can be prepared quite colourless, and is 
therefore tin* only one that is suitable to use for light and 
bright shades. Of late, however, a decolorised sumach* ex- 
tract has been put on the market, and is adapted to replace 
tannin in most cases. 

When exposed to tin; air, dilute solutions of tanning materials 
oxidise and deposit a brown precipitate, and therefore, should 
not be kept stored. 

In working with tannic acids, care should lie taken to keep 
them out of contact with iron, since they form a dark-coloured 
compound with that metal. 

Application of Tannic,, Acids to Cotton. 

The employment of these substances in cotton-dyeing is 
principally based on their absorption by this fibre. On cotton 
lining immersed in an aqueous solution of tannin, a portion of 
the tannic acid js gradually and unitormly taken up by the 
libre. After some time the absorption ceases, a state of 
equilibrium then existing in respect of the distribution of the 
tannic acid between the water and the lihre. In any case, the 
amount absorbed is only very small, the absorption being least 
■at hoi ling- heat, and most at a not very precisely determined 
iinedium temperature of about 40° (’. 

Other factors influencing the absorption are— the quantity of 
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water, tannic acid, and cotton present, the influence, being e\- 
erted in a very regular manner, which is ijuite analogous^ the 
absorption of dye-stuffs by textile films, and in accordance 
with the law of distribution which will be more fully discussed 
in dealing with the theory of dyeing. The higher the pjVportion 
of tannic acid and ^he lower that of water taken, in comparison 
with the amount flf cotton present, the larger the quantity of 
tannic acid Tibsorhed. The necessary consequence of this, be- 
haviour is, that the fixing baths must contain as#little water as 
is compatible with the dissolving of the tannin or sumach. 

If the cotton he washed with a large volume of water after 
passing through the tannin hath, nearl\ all the ahsoiht*! tannic 
acid will he driven out again, and consequently no moie than a 
gentle rinsing is permissible. 

Cotton treated with tannin is then capable of lixing basic dye- 
stuffs, inasmuch as it takes up the colour base and leaves the 
acid* behind in the hath. Doth these dyings and tlu* pre. 
cipitates ensuing on treating the corresponding dye-stutY 
solutions with tannin, are soluble in water as well as in an 
excess of tannic acid : consequently, the tannic acid salts of the 
colour bases cannot, be fixed on tlu* fibre. However, if the 
cotton he treated in a solution of a metallic salt after passing 
the tannin bath, there is formed an insoluble metallic (annate, 
firmly adherent to the lihre, and far more capable than free 
tannic acid of absorbing basic dyes from solution, and lixing 
them so as to stand washing. Whether under these conditions 
there occurs any chemical Combination with the tannic acid 
attached to the metallic oxide is unknown, and «is, moreover, 
improbable, since the. absorption of the colour bases goes on 
with great readiness, even at tlu* ordmary^tempe rat tire. 

This important method of fixing basic dy^s on cotton was 
discovered by .John Dale and Thomas Drooke in the “sixties". 
It is generally effected by tlu* aid ol tartar emetic as the 
metallic salt, the operation being performed in tlu* following 
manner: The cotton or cotton \arti is first well damped with 
hot water, and then left overnight in a hot solution of tannirfor 
sumach, the amount of tannin varying according to the depth 
of colour in view and the nature of the. dye-stuff to he used — 
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within HQ/iicwhat wide limits : about 1 to 10 per cent, of the 
weight of the yarn, the usual amount being 2 to 4 per cent. For 
darker shades sumach is used ; and it may he taken for granted 
that .‘1 to 4 parts, by weight, of sumach extract are equal to 
I part of, tannin. Sufficient water should be used to just cover 
the yarn, and a hot hath has the advantage pf expelling all the 
air out of the material, and thus facilitating impregnation. 
Moreover, in this cast; tin; gradual cooling of the 'hath during 
its sojourn overnight will enable it to retain for a longer period 
the medium temperature already 'mentioned as the most 
favourable for the absorption of tannic acid by cotton. 

After the cotton is taken out of the bath, it is well drained, 
and is then worked about in a hath containing, on flu* average, 
I to 2 per cent, of tartar emetic, i.e. about half tin* weight ot 
the tannin used, and is finally washed with care. According to 
results obtained b\ Falke, only \ per cent, of tartar emetic is 
required to fix 2 per cent, of tannin, and only 1 per cent, to tix 
f> per cent, of tannin, thus showing that a large excess of tartar 
emetic is used in practice. 'Phis is, however, no particular 
drawback, as it ensures the thorough fixation of the tannin ; 
and as the tartar emetic bath is used over and over again, there 
is no waste of antimony. 

AfUu a slight tannin treatment, the cotton is only left in the 
tartar emetic hath for about ten minutes, the time being in- 
creased from a quarter to half an hour when a stronger tannin 
hath has been used. The rapidity of the fixing process is in 
direct ratio to the concentration of the tartar emetic solution. 

Cotton piece goods should not be left to stand in the tannin 
solution, hut are wound through a f) to 20 per mil. solution of 
tannin by means of 4 a jigger (// f ,r.) for some time, and then 
treated in the sa;ne way in a strong solution of tartar emetic ; 
or the pieces are drawn through a warm concentrated solution 
of tannin, then wound up on a roller, left to stand for one to 
two hours, and fixed in the same manner as before. 

Although the process of llxitig with tannin and tartar emetic 
hafc been known and practised in various ways for a long time, 
some uncertainty still prevails as to the best temperature for 
the tannin hath, and the time required for arriying at the state 
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of equilibrium in the distribution of the tannic acitj between 
the fibre and the water. The tartar bath is used cold, luk^varm, 
and hot, and equal uncertainty prevails as to the best tempera- 
ture for the formation of the antimony tannate, and the amount 
of tannin to be brought on the fibre, in any given instance. 
Weber, it is trug, elal>orated a method for estimating the. 
amount of tannin required to ensure the complete* precipitation 
of the different basic dyes from solution ; but the method itself 
is difficult of performance, and, besides, necevsitaW's the previous 
determination, in each ea^e, of the amount of tannic arid taken 
up by the cotton. 

Since the badly fixed dyeings with basic dyes on notion are 
of very low stability, it is always well to use more tannin and 
antimony than are absolutely needed, the baths being used 
again. In the case of the tannin hath, the liquor may be re- 
cuperated by addjng a very small fraction of the original charge, 
the*quantit\ adsorbed being so small. The tartar emetic bath 
should always contain a readily detectable amount of antimony, 
and he free from acidity and dirt. The, water used for dissolv- 
ing the tartar emetic should he pure. Acidity in this bath is 
tin* result of an accumulation of potassium acid tartrate, owing 
to the absorption of the antimony by tin* cotton. It. may be 
neutralised by an addition of chalk, which is preferable, dor this 
and similar pmqfOses, to any other alkaline substance, inasmuch 
as it dissolves only just in the same proportion as the acid 
salt is formed. Old tartar emetic baths contaminated with 
dissolved dye-stuffs must Be clarified by settling or filtration 
before being used again. * 

The tannin and antimony fixing pioeess lias not suffered 
much alteration since its first jntroduction^ Other organic acids, 
c.tj. benzoic acid and phthalic acid, are able tg fix basic dyes on 
cotton ; but the colours obtained are deficient in fastness, though 
handsome, so that none of these substances lias found any 
practical application. For some time zinc sulphfite was used 
to replace tartar emetic in lixing*lannin ; but the colours were 
less fast, and, indued, no other metal is as good as antimony 
for this purpose. Other antimony compounds equally as suit- 
able as tartar, emetic are- antimony hydroxide, potassium- 
antimony oxalate, jmd antimony fluoride, in the form of double 
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♦alts, etc., .which have been frequently recommended as “tartar 
jmeticf substitutes," and employed as such. 

Antimonyl potassium oxalate (SbK 3 (C.,H 4 ) 3 . 4II 3 0) may be 
used to replace tartar emetic, weight for weight, notwithstand- 
ing its fftj' smaller percentage of antimony; and, being readily 
soluble, is also suitable for reserves under bamc dyes. 

The introducers of the last-named salt (Koejjp & Co., of 
Oestrich-on-Hhine) have? also put on the market a double 
lluoride of antimony and sodium (SbF., . NaF) as a substitute 
for tartar emetic; boH parts by weight of the new salt being 
equivalent to 1000 parts of the old. 

The “'antimony salt M of K. de ilaen (Cist, near Hanover) 
corresponds to the formula SbF 3 . (NH 4 ).,S() 4I and 9 parts are 
equivalent to 10 parts of tartar emetic. 

The double fluorides of antimony are strongly acid, and must 
therefore be neutralised before use. 

Hoehringer’s “Antimonin” is a mixture of antimony and 
calcium lactates. 

A peculiar method of fixing basic dye-stuffs with tannin, 
which, however, is hardly likely to find general application, is 
that devised hy the llbchst Farbwerke, for Janus dyes. The 
material is dyed with Janus blue, with gradual addition of zinc 
sulphate and common salt, and is then treated, in a second 
hath, with tannin and finally with tartar emetic. In dyeing 
light shades, for which the method is best adapted, tin? tannin 
.may be used in the dyeing bath, a little hydrochloric or acetic 
acid being present ; and the goods'are fixed with tartar emetic, 
either in the flame hath or a separate one. 

The property of tannic acid for forming, with the metallic 
mordants, insoluble , salts that ijdhere to the fibre of cotton 
renders it very .valuable as a fixing agent for mordants, the 
method of application being to first treat the cotton in a hath 
of tannin or sumach and then in a cold solution of the mordant 
used. Iron! tin, and alumina are fixed on the fibre in this 
manner, the method being chiefly valuable for yarn-dyeing. 

Jor fixing iron, the following procedure is adopted : The 
Qotton, after being treated with sumach, is passed through 
lime water and then immersed in the iron mordant solution for 
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a quarter of an hour to an hour, according lo the gmount of 
sumach used, the process concluding with a washing. prefeiahls 
in hard water or water containing chalk, to neutralise the acid. 
The lime hath treatment produces calcium tannate, the neutrali- 
sation of the acid thus facilitating the formation of iron tannate 
in the subsequent jron mordant hath. The method is modified 
in various wans, flie lime-water treatment sometimes following 
the iron hafh, whilst in other cases chalk is added to the iron 
bath itself. The iron mordants used for j his # j im pose an* 
ferrous sulphate, pyrolignlte, and nitrate, a tew degiees Ikuune 
in strength. As iron tannate is of a gre\ish colour, the cotton 
treated in this way will also be grey or black, whivh is the 
reason why the use of iron in this connection is leshictcd to 
the production of dark shades. Mines fixed with tannic acid 
and antimon\ arc often passed through an iion solution when 
required to be darkened. Iron tannate is also employed as an 
independent dye, an iron-grey of this kind being produced in 
\ arns, notwithstanding that ii hardens the fibre. 'Die only 
use for iron, fixed with tannic acid, as a mordant is in black- 
dyeing. 

For mordanting with tin, the cotton, aftei passing thmugh 
the tannin hath, is treated for about half an hour m a cold 
solution ol stannic chloride (2 to o 15. strength) aiyl then 
washed with water containing lime. 

As a fixing agent for alumina tin.* sole use made of tannic 
acid is in Turkey-red dyeing (</.?*.), where it is employed to make 
the colour lake faster. 

Application of Tannic Acid to Silk. 

In silk-dyeing, tannic atfid is us»*d for loading the fibre, 
fixing the iron, and solidifying the colour. • 

Hxcept in the case of light shades, the loading of silk by 
tannic acid is effected solely by the aid of sumaqh extiact or 
chestnut extract. Some prefer tojoad after dyeing, but gener- 
ally the loading and dyeing are combined in the. same hath. 
The most favourable temperature for the absorption of tannic 
acid by silk is about 70° ('. 
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For ordinary black-dyeing on silk (q.v.) the tannic acid is 
supplied by catechu, which serves both as a loading material 
and as a fixing agent for the iron. Souple silk is often loaded, 
and simultaneously mordanted with iron, by alternate treat- 
ment witji a solution of tannin (principally chestnut extract) 
and a bath of iron pyrolignite. After the iron bath the silk is 
exposed to the, air for a short time (about halt an hour) in order 
to oxidise the ferrous tannate. The treatment with tannin and 
iron is often several times repeated, the strength of the later 
tannin baths being increased, and the operation being con- 
cluded with a washing in hard water. After repeated use the 
iron batfrs become acid through the liberation of pyroligneous 
acid, which is then neutralised by an addition of iron filings 
enclosed in a bag. 

The solidifying process is employed to improve the fastness 
of the dye, and is performed by immersing the dyed silk in a 
# lukewarm H per cent, tannin bath until the latter has became 
cold, whereupon the silk is washed, passed through a 4 per 
cent, bath of tartar emetic, again washed, and finally revivified. 
(See Dyeing.) 

In the case of wool the tannic acids are very little used, and 
then only in the form of sumach for a few single-bath dyeings 
with natural dyes. (See Mordant Dyes.) 

2. The Oleic Acids. 

These substances are almost exclusively used for cotton. 
The earliest application of fatty bodies in d\eing occurred in 
the Turkey-red industry, which, even at the present time, con- 
sumes large quantities, chiefly of the sulphonated “ tournant" 
oil class, to perfect the fastness* of the colour by fixing the 
alumina of the colour fake, etc. (See Turkey-red.) 

The so-called Turkey-red oil was lirst introduced about the 
middle of tlf 3 nineteenth century. It is prepared by treating 
olive oil or castor oil (rieiniv* oil) with concentrated sulphuric 
acid A preparation of this kind was recommended for Turkey- 
red dyeing by Kunge in 18d4 ; but it did not find employment 
until the sixties, when it came into use for printing with basic 
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dye-stulls, the goods being prepared with sulpholeate for print- 
ing, or else use was made of the printing pastes, containing 
Turkey-red oil, supplied by some makers. Afterwards it was 
employed as a preparation for steamed alizarine dye-stuffs (N. 
Ziegler), and by H. Koechlin (in 1871) for alizarine dyeing. 
Still later, sodiunt sulphoricinate imported at -that time from 
England- and ammonium sulphoricinate first prepared by 
F. Storuk- came on the market. The proportions employed 
in practice vary from 1.1 to 1 parts of aeidtper JO parts of oil, 
more acid being used in \\inter than in summer. The method 
of procedure is, however, the same all the year round, the acid 
being poured slowly into the oil, with constant sto ring «ind then 
left to stand until a sample of the product is found to dissolve 
completely in water, whereupon the whole is poured into water 
and washed with a solution of common salt to remove the ex- 
cess of sulphuric^ acid. The residual acid is neutralised with 
sodft or ammonia. 

While the acid and oil are being mixed, the temperature must 
he prevented from rising above 40° (\, since otherwise tin* acid 
will exert an oxidising action, a condition revealed by the 
copious evolution of sulphur dioxide, in which cast* the product 
will he dark in colour and furnish poor results in dyeing. 

(iood Turkey-red oil should dissolve to an almost perfectly 
clear solution ift water; any slight turbidity formed can 1x3 
removed by the aid of ammonia. 

As the? name indicates, Turkey-red oil is mainly used in 
Turkey-red dyeing, where it serves to increase the brightness 
and fastness of the colour. Its composition formed tin* subject 
of numerous investigations bv Liechti and Kuida, A! idler-. Jacobs, 
P. Jmllard, and many oth^is, who devoted a great deal of 
attention to a thankless task in the hope (jf elucidating the 
process of Turkey-red dyeing. It is found that by the action of 
sulphuric acid on castor oil, under the conditions prevailing in 
the production of Turkey-red oil, a large proportion of the oil is 
left unaltered, whilst another portion furnishes a sulphoricin- 
oleic ester and ricinoleic acid ; in addition, sulphonated glycerine 
ether and polymerised compounds (poly ricinoleic acids) may 
also he forme^, according to the conditions (temperature of 
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the operation. According to 1 lerbig, the effectiveness of Turkey- 
red oiP is improved when only a certain percentage of the oil is 
saponified in the manufacturing process, lie also considers 
that glycerine probably in the free state- is present only as 
such, anil that, when olein from oleic acid is used, stearo- 
sulphonic acid is formed, which, when the oihul goods are dried, 
oxidises into oxystearic acid, which he regards as the reall> 
active constituent of Turkey-red oil. 

That the viuioua constituents of Turkey-red oil, however, 
have little practical effect in Turkey-red dyeing was first de- 
monstrated by i\ liochtin, who obtained with an acid am- 
monium*ricinoleate just as good a real as with Turkey-red oil. 
Similar “ acid soaps," obtained by treating a dissolved soap 
with a quantity of acid just insufficient to produce separation 
of the fatty acids, are now largely used to replace Turkey-red 
oil. According toSchlieper, they are even preferable toTurkev- 
red oil, because they are not so liable to decompose on standing. 
It would seem that the practical value of the use of sulphuric 
acid in preparing Turkey-red oil from castor oil is confined to 
rendering the latter soluble. 

Turkey-red oil forms a good fixing agent for mordants, but 
its piactical application in this direction is confined to the fixing 
of alumina by various methods. For Turkev-ied, for example, 
tin* fibre is first impregnated with a strong solution of Turkey- 
red oil (by the same appliances as were used in the old red- 
dyeing process), and then dried, the cotton being afterwards 
immersed for some time in a sohfiion of basic alum or alu- 
minium acetate, and finally washed with water containing 
chalk (to neutralise the acid), followed by pure water. Piece 
goods are left rolled up for sometime after passing the alum 
bath, to facilitate fl the fixing of the aluminium fatty acid salt. 

'file fixing process is also effected in other ways, a solution of 
soap being frequently used in place of the Turkey-red oil ; for 
instance, tin! cotton is steeped for several hours in a solution 
of basic alum, then lifted, drained, and treated with a hot soap 
solution, followed by washing, the whole procedure being re- 
peated if necessary. 

Turkey-red oil can al§o be used for fixing 0 basic dyes on 
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cotton, but tin* resulting colours arc loss stable though more 
handsome, than those obtained by the tannin-antimony process. 
The goods may be impregnated with Turkey-red oil. and then 
dyed after drying ; or, letter still, tin* oil is fixed as above, with 
alumina. Practically, however, this method is only* of value 
in the case of r^odamine, which dye-stufT gives only a dull 
lilac when fixed "with tannin and antimony, hut a beautiful 
rose-red when fixed with Turkey-red oil. In this special, case 
the following method is adopted : The cutton.is first, treated 
for ten minutes in a l()*per cent, solution of Turkey-ied oil, 
and, after draining and drying at a moderate heat, is worked 
about several times in a (> 15. solution of aluminium acetate 

(or aluminium sulphoeyanide), followed by dtainiug and drying. 
After rinsing, the mordanting operations are repeated in the 
same baths, and tin* goods slightly rinsed again, the dyeing 
being finished before they are allowed to di y. 

Another very frequent* use of Turkewed oil is in the pre- 
paration of cotton piece goods for calico-printing (</.< .). That 
it also forms a good detergent was shown in the pieceding 
chapter. 

Monopol Soap. Whereas even the most highly concentrated 
Turkey-red oils are fluid. Stockhausen succeeded in producing 
a solid preparation, a “gelatine soap" (containing abnu{ per 
cent, of fat), by -it is stated warming Turkey-led oil with 
a little more caustic soda than is required lor neutralisation. 
This preparation, which is now' largely used, under the name 
“ Monopol soap,” possessed properties which seem to make* it 
superior to ordinary Turkey-red oil for many purposes. Tlius, 
it is a better detergent, since it can he mixed with hard water 
without precipitating any lime or magnesia soaps in fact it 
has a solvent action on these latter. When used to replace. 
Turkey-red oil in dyeing it has no yellowing effect, and it is 
also better than Turkey-red oil in dressing fabrics, since, it does 
not impart any smell of fat to the goods. It fk also useful 
as a supplying agent. 
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Application of Oleic Acids to Silk. 

Those substances are used for two purposes in silk-dyeing, 
viz, for brightening the colours and for softening the fibre. 

In the first case use is made of an emulsion of olive oil or 
44 fcournarrt oil," more or less strongly acidified. (See Acid Dye- 
StulTs.) 

For softening purposes, especially in the case (if “souple" 
silk,*the so-called “deux It it ilex” ftwo oilrfj are used, consisting 
of a mixture of equul parts of sulphutjc acid and olive oil. Tin* 
acid is poured slowly into the oil, which is kept rapidly stirred, 
the mixture being diluted with warm water when bubbles be- 
gin to form ; and the silk is drawn through this bath for a short 
time, whereby it is immediately softened. The usual pro- 
portions arc 2 per cent, of oil (calculated on the weight of the 
silk) and an equal quantity of acid. (See also Application of 
Acid Dye-Stuffs to Silk.) 



('ll APT KK IV. 

DYKING. 

Foil the sake of convenience, t ho diversified subject-matter of 
this chapter has been divided as follows : 

I. Theory of colour: combination of colours; dyeing to 
pattern. 

I I. Theory of dyeing. 

III. Classification of the dye-stuffs; methods of dyeing. 

LV. Dyeing textile fibres on the large scale. 

V. Trial dyeings; colorimetric determinations; reactions of 
dye-stulTs on the fibre; tests for fastness. 

i. Theory of Colour; Combination of Colours ; Dyeing to 

Pattern. 

It is usual to regard the colour of any substance as a . pecial 
property of that substance, inherent to and depended on its 
nature solely. The chemist and physicist, however, know that 
one and the same substance may change its colour in accor- 
dance with its state of subdivision, metallic silver being black 
or golden yellow as well as white. 

What we are accustomed to call the true "colour of any 
object depends not upon itself alone, but on the eye of the 
observer and on the light ray A by which tht* object is illuminated. 
Colours have no real existence, but are iikit* subjective im- 
pressions that we receive from the light falling upon the ohjec. 
in question. It is more than probable that no t\\;o persons re- 
ceive exactly the same impression from the observation of any 
colour, even though they employ the same word to express it. 

This divergence in the vision of colours may extend to colour- 
blindness, or the incapacity for distinguishing between widely 

( 173 ) 
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different cplours — generally red and green. A still more im- 
portant part in this connection is played by light, since the 
colour of any object is nothing more or less than that portion 
of the impinging light that is reflected by the object. The light 
we have solely to consider is that of the sun, which is composed 
of light rays of all colours. If this .light be .allowed to fall on 
a glass prism it will be analysed into its constituents, the various 
light.rays undergoing different degrees of refraction ;* and in this 
manner we obtain a coloured strip containing all the colours 
present in sunlight, each one separated from the others. These 
are known as 11 the colours of the spectrum,” and if the same 
light raysibe reunited we again obtain white light. 

Again, certain colours of the spectrum will furnish white light 
if united in pairs; and such colours are termed “complemen- 
tary colours,” their arrangement being as follows : — 

Red and bluish-green. 

Orange and greenish-blue. 

Yellow and blue. 

dreonish-yellow and violet. 

Green and red-violet. 

\\ bite is therefore not a colour capable of physical definition, 
but is merely a mixture of sensations, a physiological phenome- 
non, caused by the incapacity of the human eye for analysing 
a mixture of various light rays as tin* ear distinguishes the 
several notes in a musical chord. This incapacity for dis- 
tinguishing between simple and compound colours is not con- 
lined to white, but extends to all other colours as well, the eye 
receiving merely a total impression ; in fact, so little is the 
organ in question capable of differentiating between colours 
simultaneously impressed on the •retina, that the effect of a 
uniform colour caft he produced by a skilful blending of several 
different colours, as is actually done in Parisian Gobelins 
fabrics. t 

Consequently, when we spqak of the true colour of an object, 
this term merely implies that the object has the property of 
absorbing all the rays in sunlight except those corresponding to 

the said true colour. For this reason it will appear of a 

• • 
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different colour if illuniinated by another kind of light. Thus, 
for example, a red object illuminated by a white ligli* com- 
pounded of blue and yellow rays will absorb both these colours, 
and appear to be no longer red, but black. 

The colours of all terresttial objects, as also of all natural and 
artificial dye-stuffs, art* neither so homogeneous nor so intense* 
as the colours of ttie spectrum. For instance, there is no single 
red that— liRh the red of tin* solar spectrum— consists solely of 
this colour without any admixture of yellqw or blue. Again, 
since such colours lack tl»* intensity of those of the spectrum, 
their mixtures do not furnish a white -like tin* complementary 
colours of the spectrum but a more or less dai'k grey , 

Grey is theiefore a white of low intensity; whiKt. con- 
sidered from a physical stand|)oint, black is not a colour at all, 
its intensity being nil. Therefore, when we view a white sur- 
face the sensation of light is so intense that the formation of a 
cleiy conception thereof becomes difficult, such an effect being 
unattainable by our natural and artificial dye-stuffs. A further 
consequence of this is that the dye-stuffs or any other coloured 
materials destroy more of the impinging light than purr white 
bodies. Hand in band with this absorption of light proceeds 
the absorption of beat by tin* colour, a circumstance that may 
account for the known faculty, possessed by the blind nt dis- 
tinguishing between colours by touch. 

The comparative, intensity of colours can be determined and 
expressed in numerical values by tin* 
aid of a very simple piece of appaiatus. 

For this purpose a circular white disc is 
divided into four sectors, 1\no of them 
being then painted a deep black, as 
shown in Fig. ‘24. On setting this disc 
in rapid rotation; the mixed impressions 
of black and white produce the sensa- 
tion of grey, the intensity of which is 
evidently determined by the angle of 
the two white sectors. If we set down the intensity of white 
as 1 and that of black as zero, the grey resulting from the 
rotation of the disc in Fig. 24 will have the intensity =» J. 
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To measure the intensity of any colour, the two opposite 
sector,! of a white disc aic painted over with that colour, and 
the remainder of the disc painted with a complementary colour, 
the angles of the painted sectors being then varied until a grey 
is obtained on rotating the disc. By determining the intensity 
of this grey in the manner described above, we have a measure 
of the intensity of the two colours on the painted disc, when 
it is recalled that these intensities are inversely 'proportional 
to the dimensions of the angles of tfie respective sectors. 
Hence if tin; two complementary colours are of equal intensity, 
exactly one-half of the disc must he painted over with each in 
order to % produce a grey on tin* disc being set in rotation. On 
computing the vaiious available colours by this means, their 
intensity will he found to vary considerably, there being, for 
example, no single blue, green, or violet equal in intensity to 
the yellow of lead chromate. 

In everyday life, as also in the dyeing and printing industries, 
an entirely erroneous conception exists as to the meaning of 
the “intensity" of a colour, this being generally confounded 
with depth o! colour a totally different propeity. Thus, for 
example, if a blue he mixed with black, it becomes deeper in 
colour, hut not more intense, the intensity of black being niL 
In this way dark dyeings may be produced with a very little 
dye-stuff; and as the beauty of the colour ^improved by the 
admixture of an absolute black, a black of this kind would be 
very valuable, provided it also possessed the other qualities 
demanded of a good practical dye % stulT. With such a black it 
would be possible to produce a series of dark shades much 
handsomer and more cheaply than is obtainable by existing 
methods. On mixing colours with blacks of the kinds now 
available, the following modifications art? produced : — 

Yellow with black gives brown. 

(ireen ,, „ olive. 

Red ,, ,, red-brown. 

Blue .!• ,, grey- blue. 

If the intensity of the colours be reduced by applying them 
in thinner layers, they sutler a peculiar change of tone, be- 
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coming poorer in red. Thus orange becomes yellow, him* 
turns more greenish-blue. etc. Therefore, if it he desired to 
lighten a colour without altering its tone, it must receive an 
admixture of red. 

The knowledge of which colours are complementtijy to each 
other is of considerable practical value. In dveing text do 
fibres the colour^ are mostly produced by combining two, three, 
or even ltiore dye-stuffs,- -mode colours, for instance, being 
generally obtained hy combining yellow, , red# and blue, the 
dye-stutls used having "to fullil two j)riucij):tl reipiirements : 
suitability for combination and good equalising propel ties. 
Most of the dye-stuffs of any one group will combine well to- 
gether; but dyes that require a strongly acid bath will combine 
badly with such as have to l>e dyed in a neutral or weak licid 
bath. Kqualising implies the uniform distribution of the d\o 
throughout the fabric, etc., without difficulty. 

In addition, however, certain other factors have to he con 
sidered, such as fastness to light, and the shade, brilliancy, 
and price of the dye-stuff; so that it is sometimes a matter of 
difficulty to fix upon the most suitable dyes for a given 
colour. 

Occasionally in combination dying a hitherto unexplained 
phenomenon is noticed, some unstable dye-stuffs givffig fast 
colours when combined with other dyes, e.<j. the case with 
methyl-violet along with alizarine on cotton. 

If a fabric be dyed with a blue, a yellow, and a red dye-stuff 
in certain proportions — eiflirely dependent on the properties of 
the dye-stuffs themselves, such as tone, productivity, and affinity 
towards the fibre — a grey will he produced. Hence these three 
colours should be complementary. However, yellow and blue 
have already been given as complementary, and should there- 
fore suffice to give a grey when combined ; the addition of led 
should consequently furnish a brownish-red. To find an explana- 
tion of this apparent paradox it should be rernembefed that the 
colours at our disposal are not •homogeneous, green being 
present both in blue and yellow. On the two being mixed to- 
gether, one complements the other and grey is formed, hut now 
the green present in both makes itself apparent, and we have, 

# 1 2 
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instead of grey, a greenish colour . 1 Now, in presence of the 
red, this latter combines to form a grey, the red and green being 
complementary colours. If in such a combination the yellow 
preponderates, a yellowish-grey, drab, or brown will be pro- 
duced, a predominance of blue giving a grey ish-blue, and so on. 
The colours resulting from combinations of only two of these 
colours can be easily deduced ; blue and yellow furnish green ; 
blue and red, a bluish-red or violet; yellov' and red, oiange. 

Knowledge of such combinations mostly finds its application 
in dyeing to pattern, which consists in producing a colour that 
shall exactly match a given pattern. 

In maiiy dyeings only a single dye-stuff is employed, but if 
the dyeing is to be strictly to pattern, the aid of other dye-stuffs 
has often to be sought in order to obtain the desired tint. 
Thus if in dyeing a blue, for example, the colour has come out 
rather greener than the pattern to be matched, it must be 
'shaded off by adding a small quantity of red or violet. A bluish- 
black can be shaded or converted into coal black by the aid of 
a yellow dye. 

Occasionally, too, it is necessary to top a colour with a 
small quantity of another dye-stuff, particularly when it is 
desired to increase the brightness of the colour. In such event 
a bright dye of the same shade and with good equalising pro- 
perties is used. 

One circumstance in particular occasionally renders dyeing 
to pattern a really difficult task, namely, that a simple compari- 
son with the pattern immediately after dyeing is not sufficient, 
it being necessary to take into consideration the changes the 
colour is likely to suffer in the subsequent operations of washing, 
drying, finishing, etc. This necessitates an accurate acquaint- 
ance with the behaviour of the particular dye-stuff in question 
— a knowledge only to be acquired by practice. Thus if it he 
known, for instance, that a given yellow dye has the property of 
becoming greener in the subsequent operations, then, in order 
to arrive at an exact match to the pattern, it will be necessary 
i»o dye at first somewhat redder than the required shade. 

1 On mixing yellow and blue — not substantially, but in the state of 
the sensations produced by bot ' » colours on the retina-— a grey is obtained, 
no nmv hn df-mimint.rA.tnrf hv thn rotfttinff duo afurnnaid. 
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The comparison of a dyeing with the original* pattern is 
known as “matching”; ami in this operation the* following 
considerations must he Ijorne in mind - 

1. Dolours have a different (generally darker) appearance on 
the wet material than on tin* dry fibre ; consrijiienth" ,.in match- 
ing, a small pitjeo of the dyed mateiial must lx* taken and 
dried ; though, with practice, wet matching is possible. 

± The general ami particular appeal a ncc of the two speci- 
mens must he compared, so as to enable an* unified iaiv judgment 
to be formed as to their similarity or difference. The longer 
tin* eye looks at colours the less sensitive dpos it become to 
slight differences between them. # 

The samples should never he viewed h\ artificial light, hut 
always by diffused daylight. K\en in this cast*, however, one 
and the same colour w ill sometimes have a different appeal anco, 
tliis. being more particular! y obsei vahle. in the. ease of certain 
aniline drabs on wool, which appear greener at one time and 
more reddish at another, according to the lighting of the place 
where, the inspection is made. 

The problem of matching colours by artificial light has boon 
solved in a very satisfactory manner by the “ Dalite " lamp of 
Dutton ^ (iardner. This is an idectiic aie. lamp, the globe of 
which is coloured by means of copper. * 

Finally, it should hr mentioned that in harmonising colours 
(in cloth-printing) the best results will he obtained when the 
colours in juxtaposition arc mutually complementary; also, 
that the brighter colours ought to 1 m* allotted a correspondingly 
smaller space than the others, in order to prevent the total 
effect lx*ing spoiled by the pi edomi nance of one or two of the 
colours. # • 

• 

2. Theory of Dyeing . 1 

The two principal factors influencing the, method of perform- 
ing any operation of dyeing, and the behaviour of the colour 

1 The following sources have been dnwn upon in compiling this section ; 
Georgicvics : Mitth. Tcchn. (Jew. Mus. Wien , 1891, p. 165; i but., pp. 
205-220, 349-961 ; Manats. /. Chem ., v. 15, pp. 705-717; 16, pp. 345 350; 
Lehne’s Fiirber %tg. t 1895-96, pp. 17-18; (*Jwm iker Ztg. y 1895, p. 426. 
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when finisked, are the dye-stuff and the fibre. Dye-stuffs be- 
have variously in dyeing, the di Here nee being dependent on 
their chemical composition and on the nature of the fibre to 
which they are applied. 

The. Btrilcture of tin? fibre, which influences capillaiity, has 
also a notable, though not decisive effect on, the course of the 
dyeing process. 

An ^examination of the classified dye-^uffs show's that the 
mutual relation of the members of each class depends more on 
a single property held by them in common than on their con- 
stitution. Thus all the numerous acid dyes, he their constitu- 
tion nevdr so divergent, behave in a perfectly analogous manner 
when applied to the different textile fibres, and exhibit no 
fundamental differences. This they evidently owe to their acid 
character, due to the presence of sulpho-, nitro-, and hydroxyl 
groups, the, last-named playing the principal part in this 
‘connection. 

The basic dye-stuffs, whether azo compounds like chrysoidine 
or belonging to the triphenylmothane derivatives like fuchsine, 
all exhibit the same pigmentary character, thanks to tin* one or 
more amido groups present in each. 

In case of the substantive dyes, the connection between their 
constitution and their behaviour in dyeing is still entirely un- 
investigated. 

In the case of the mordant, or adjective, dyes, the relation 
between their constitution and their capacity for dyeing mordants 
has not yet been thoroughly investigated. This much is certain, 
that here also the hydroxyl groups play the principal part, this 
property being due to a special quality, and not to their acid 
character alone, since of hoi wdse the far more stiongly acid sulpho 
groups would exhibit a similar influence, which is not the case, 
the capacity of a dye for fixing with mordants being diminished 
by the presence of sulpho groups. 

In the reduced state, the vat dye-stuffs have for textile fibres 
an affinity which may ho compared with that of tannic acid for 
cotton. During the subsequent oxidation, the original dye- 
stuff is re-formed. 

The sulphur dyes most nearly resemble the vat dye-stuffs in 
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their behaviour during dying, since, in their carfe jko, re- 
duction products, and not the dye-stuffs themselves, are taken 
up by the fibre. 

The insoluble dyes, like the de\ eloping and albumin dys. 
can only be compared with the other groups wheu in their 
developed and finished stale. 

At a veiy early stage the problem ai\ sr as to the fundamental 
cause of the production of the dying etVect. One M-hool ie- 
garded the process as purely mechanical, whilst the other looked 
upon it as a chemical process, consisting in a chemical com- 
bination between the d\e-stulT and fibre. # 

Since then an immense amount of labour has been devoted to 
this question, without until recently -much process being 
made; a cii cnmstance explainable by the peculiarity of this 
difficult task. A whole series of mechanical and chemical 
theories of the dyeing process have been established, m which 
the' operation of dyeing is regarded either as being the same in 
all cases, or else as differing in principle for each class of 
dyeing. 

The problem seems now to have attained a ceituin degree of 
solution, inasmuch as it is possible to legiird all dyings from a 
uniform standpoint, and, in pait at lea^l, to undeistmd and 
explain them. 

P>efore goin£ more closel\ into the phenomena of dying, it 
is necessaiA to presuppose- -as may lie justifiably done, al- 
though direct proof is lacking that all d\ rings which are per- 
formed under approximately similar conditions are based 
essentially on the same cause and therefore may he regarded as 
phenomena of the same order. If an experiment has been 
made, for example, in dyeing sheep's w<«d with a basic dye, and 
certain results have been obtained, it ma\ he assumed that other 
hisic dve-stulfs will behave in a similar maimer with regard t<> 
the same material. In the case of the acid dve-stulfs it is not 
so easy to support the corresponding assumption, because one 
cannot unconditionally compare the dyeings given by Patent 
blue- -which draws badly — with those furnished by fast red 
in which the dye-bath is completely exhausted. 

Taking lir*t the case of the developing dyes, in which there 
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iw no doubt but that they are retained solely by mechanical 
adhesion on and in the fibre. The great fastness of many of 
these dyeings indicates that adhesion is a force sufficient to pro- 
duce a very intimate union between a dye-stuff and a fibre. If, 
however, ;ih excess of dye-stuff he used, a porti n is then only 
imperfectly fixed, and the dyeing will no longer stand rubbing 
and washing. The, cause is evidently a partial superimposition 
of particles of the dye-stuff. The same alsp happens in the case 
of all other dybngx, since they are all liable to lose colour, 
under the effect of rubbing and washing, when produced by 
means of an excess of dye. Consequently, adhesion is a 
property Common to all dye-stuffs, and therefore such abnoimal 
phenomena as those already mentioned, where a portion of the 
dye behaves differently from the rest, should be left out of con- 
sideration in studying the dyeing process. 

Proceeding further with a comparison of thy various dyeings 
In the finished state, it will be found that they behave alniost 
exactly the same as the dye-stuffs used in their pieparation; 
sublimable dye-stuffs exhibit tin* same property in their dyeings ; 
and dye-stuffs can be brominated, diazotised, etc., on the fibre 
just as in their otiginal state. The analogy furnished by com- 
paring the most divergent dyeings is therefore unmistakable. 

As regards the nature of the dyeings, there aie only two 
alternative possibilities: either the dye-stuff is present in the* 
free state in the dyeing, or there has been a more or less 
complete chemical combination on the part of dye-stuff and 
fibre, and of such a character that the general properties of the 
former have been retained, as is, for instance, the case with 
salts. 

Hitherto it has been found impossible to arrive at a decision 
in respect of thqse possibilities from the investigation of the 
finished dyeings; but the examination of the means by which 
dyeing is produced offers greater prospect of success. In the 
case of substantive dye-stuffs — which are the only kind that can 
he taken into consideration* here — the process goes on as 
follows : ----- 

The dye is taken up gradually by the fibre — and best in the 
warm — the operation being- complete in a short time, usually 
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within the hour. At the expiration of this periodAio more i f 
the dye is absorbed, even though the fibre he left in the hath 
for days. The slower the rate of absorption the greater its 
power of withstanding the inlluenee of washing when once 
fixed on the fibre, though this only applies within cel^iin limits. 
A portion of th^ dye always remains behind in the hath, this 
proportion being tin* greater tin* larger the amount of water 
and dye present in« relation to the quantity of fibre and the 
degree* of instability -as regards tlu* inlli.vnc<*of washing -of 
the dye itself. The larger tin* quantity of dye taken up by 
a fibre, the less is it capable of absorbing a further amount of 
the same; consequently, the first portions of d\e an 1 * absorbed 
more rapidly and with greater eneig\, and therefore adhere 
more firmly to the fihie. The latter has a tendenes to absorb 
relatively more dye from dilute than from concentrated solu- 
tions ; and alight shade of dye is always lelalively faster to 
washing than a darker shade produced by tin* same dye-stnfi. 
If it he attempted to re-extract absorb* d dye from the fibre by 
means of water, the following characteristic phenomenon is 
observed, namely, that, with extremely mre exceptions, this 
removal is incomplete, even when enoimous quantities of 
water are used, thus showing that the dyeing process is by no 
means an entirely reversible one in the majority of inquires. 

When several colours an* applied to the same fibre, the 
amount of each finally absorbed is independent of the order in 
which they come into action. It is therefore immaterial, so 
far as the final result is concerned whether tlu* several dye- 
stuffs he applied together or ill succession ; though it is essential 
that the same hath he used, that the dyes taken do not pre- 
cipitate one another from solution, af«i also that the fibre he 
immersed in the hath until the absorption# of the dye-s'jitl 
ceases. 

The vat dye-stuffs also behave in a perfectly analogous 
manner. These conditions have been most extensively described 
— though by no means completely — m the case of the acid dye- 
stuffs ; and therefore* that sj>ceial dyeing process will now he 
gone into more fully. 

When an'auimal fibic is dyed ifi the aqueous solution of an 
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acid dyi-fSthlT, only a very small quantity of the latter is, in 
general, taken up by the fibre ; and this condition does not under- 
go any great change when the free tinctorial acids are used. It 
is only on the addition of an acid to th ' hath that the increased 
absorption of dye-stuff necessary to fulfil the requirements of 
practice occurs ; and (accoiding to the results ot unpublished ex- 
periments) the amount of the dye-stuff then absorbed i^ in direct 
proportion to the quantity and strength of 'the added acid, pro- 
vided the formdr dofcs not exceed a certain limit. A similar 
proportion lity in the action of acids has been found to exist 
for colloidal solutions, in which they effect the transformation 
of the dissolved colloid (the hydrosol) into the precipitated 
hydrogel. At all events, the primary effect of the addition of 
acid in these dyeings consists in the liberation of the tinctorial 
acids, and then in lowering their ionisation. 

A further insight into the nature of this dyeing process is 
afforded on investigating its course in solutions containing the 
same quantity of one and the same acid. It is then found 
that the quantity of dye-stuff absorbed is directly dependent 
on the quantity of the fibrous material and bath used. Time 
plays only a secondary role; and at boiling heat the dyeing is 
mostly complete by the end of an hour. In many cases the 
dye-stuff is distributed between the material and the bath, one 
portion being taken up by the fibre, and the other remaining 
in the liquid. If the volume of the latter he increased a larger 
amount of dye-stuff remains in solution, and rice versa. The 
examination of a series of such dyeings, in which, for example, 
the volume of 'fibre and bath remain the same, but the amount 


.r Cb 


of the given dye-stuff paries, shows that the value y in 


which Cf is the quantity of dye-stuff absorbed and Cb the amount 
of dye-stuff left behind in the bath, is a constant. The value Of 
.r depends on the nature of the dye-stuff and the fibre, and is 
mostly greater than 1. 

This uniform behaviour, the “ law of distribution/' which was 
first discovered by the author in indigocarmine dyeings on silk, 
enables a deeper insight to be gained into the nature of these 
dyeings. 
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In the first place, it establishes a kind of analogy between such 
dyeings and “solutions,” on the one hand, and with the adsorp- 
tion phenomena observed in the ease of colloids, on the other. 
The law is applicable to all these eases, and it must therefore 
be concluded that such distribution of a substance Itftjveen two 
liquids, or betw^n a liquid and a solid hod), cannot be a 
chemical process, since the occurrence of such a regularity as 
is expressed by the liiw is accompanied by the condition that 
the substance which distributes itself in two •media in this 
manner must be present in the same chemical condition in 
hotli. The fact that, in the above formula, r js mostly greater 
than 1, also indicates that textile fibres have a tendency to take 
up a relatively larger amount of dye-stuff from a dilute solution 
than from a stronger one. 

This behaviour is also observed in all substanti\e dyeings, 
even with those tp which the law has not yet been experiment- 
ally "proved applicable, or in which the root index in the abo^‘ 
formula equate 1. The law applies only within certain limits 
of concentration ; if stronger solutions he used, deviations occur ; 
and the same happens when extremely dilute solutions are em- 
ployed ini dyeing. Under the last-named conditions ihero is 
really* no distribution of the dye-stuff between the libie and the 
bath, the whole being taken up by the former. On this fccount, 
dyeings cannot* be regarded as the “solid solutions assumed 
bv (>. N. Witt, because if an aqueous solution ol a substance he 
shaken up with a solvent which is not miscible with watei 
other), a distribution of the said substance between the two 
solvents always takes place. Moreover, other weighty reasons 
militate against this hypothesis, though for reasons of space, 
they cannot be gone into moy* closely. » 

The aforesaid peculiarity*, which is characteristic foi substan- 
tive dveings, is also analogous to the adsorption phenomena ex- 
hibited by colloids, for, in that case also, a dissolved substance, 
is taken up in relatively greater quantity from dilute solutions 
than from more concentrated ones! The particles of substance 
adsorbed by the colloid are retained with great tenacity, and 
cannot he extracted by means of solvents ; just in the same way 
that it is alrifost always impracticable to dissolve out the final 
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traces of (fye from the dyed fibre. Tn most cases, therefore, it 
is quite as impossible to cause the reversion, to the gel condi- 
tion, of a substance that has been adsorbed by a colloid, as it is 
to reverse the adsorption of a dye-stuff by the fibre; in the 
majority pP instances both sets of phenomena are only partially 
reversible. « 

The, more completely a dyeing can be reversed, the^ more easy 
is it tg decide whether the process goes on in accordance with 
the law of distribution or not. The examination of picric acid 
dyeings on silk, and of Patent Blue N and Cyanine B on wool, 
has, as a matter of fact, proved the applicability of the law to 
those dyeings as well. 

The question now arises whether it is permissible, or not, to 
claim that this law is generally applicable to the entire group 
of the acid dye-stuffs. This may be answered in the affirmative, 
in so far that one may fairly assume that no essential difference 
•exists between the dyeings obtained with acid dye-stuffs, aided 
by additions of sulphuric acid on the one hand, and of weak 
organic acids on the other. Moreover, dyeings analogous to the 
above may be obtained by using a faintly acid bath (acetic acid) 
in the case also of dye-stuffs that draw completely. In this way 
it would also be possible to demonstrate the validity of the law 
in the tfase of numerous dye-stuffs of the fast red group. 

Dyeings with acid dye-stuffs may therefore be c hissed as adsorp- 
tion compounds. They cannot be chemical combinations of dye- 
stuff and fibre ; because, the law of distribution would not then 
apply ; and the widespread view that they represent salts of the 
fibrous substance and the tinctorial acids is contradicted by the 
previously mentioned fact that both the quantity and strength 
of the acid present in*tho dye b^th favour their production, 
whereas the contrary would be the case in the formation of 
salts. Furthermore, it has already been stated that they cannot 
he regarded as solid solutions. 

The process of dyeing cotton with substantive and sulphur 
dyes is so far analogous to “the dyeing of wool and silk with 
acid dye-sturts that the applicability of the law of distribution to 
this class of dyeings has also been established. The difference 
is that, in the case of cotton, the dye salts are taken up, per se t 



by the fibre, whereas with the acid dye-stuffs it is onltf the tinc- 
torial acids that are absorbed. 

In dyeing basic dye-stuffs on animal fibres, or on cotton pre- 
pared with tannin and tartar emetic, only the colour bases of 
the dye-stuffs are taken up by the fibre. K. Knochf, # \vho was 
the first to discover this fact, founded on it a chemical theory 
of dyeing, which was at one time adopted by the majority of 
chemists, and even «io\v has some adherents. According to 
Knecht, wool and silk possess both acid anti Imsio properties. 
If they are dyed with a f>asic dye-stuff, the dye base is fixed by 
the acid group in the fibre, a salt being formed. Similarly, tbo 
formation of a salt is assumed to take place by the combination 
of the assumed basic groups in these fibres with the tinctorial 
acid when wool and silk are dyed with acid dye-stuffs. 

This theory of salt formation, which cannot, explain tin* above 
described behaviour of the acid dye-stuffs, also leads to unsol vable 
contnidiotions if applied to the process of dyeing with basic dy« - 
stuffs, since this process does not depend on the. basicity of the 
colour bases, and also goes on when the assumed acid groups 
in wool and silk have b *en neutralised by mordanting with a 
substance that would lead to the formation of sails ; for example, 
with alumina. Like the animal fibres, glass and day are d\cd 
only by the colour bases in basic dye-stuffs — and so forth, finally, 
as Walker and Appleyard have shown, the procedure in tin; pro- 
duction of these dyeings is quite different from tin; formation of 
a salt. 

The process of dyeing wfth basic dye-stuffs exhibits, however, 
all the peculiarities already alluded to as evident;*#! by all sub- 
stantive dyeings. In this case also there appears to he a regu- 
lar distribution of the dye-stujf between jhe dye hath anti the 
fibre ; so that the assumption that these dyeijigs, too, are ad- 
sorption phenomena has much in its favour. 

This attempt to consider the processes of dyeing from a 
common standpoint, does not, of course, complete ifnv explana- 
tion of the processes themselves, though it has demonstrated the 
analogy with the adsorption phenomena observed in the case of 
colloids. In connection both with these latter and with dyeings 
there is still a*good deal to he cleared up, especially as regards 
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the cause If the phenomena themselves; the insolubilising of a 
-soluble substance as the result of adsorption, etc. 

The dilliculties which the investigation of these processes 
presents to the research worker are based on their peculiar 
nature, \yhich consists in their forming a transition between 
purely mechanical processes on the one hand and chemical 
on the other. Van Bommelcn. to whom we are indebted for 
fundamental work on adsorption phenomena, regards them as 
the precursor oi chemical combination ; of course, only in such 
cases where then? is a possibility of chemical combination taking 
place. Consequently the possibility of a partial chemical fixa- 
tion of the adsorbed substance cannot bo excluded in many 
adsorption phenomena, and also in the case of dyeings with 
substantive dye-stuffs. 

111. Classification of Dye-Stuffs; Methods of Dyeing. 1 

Since in this chapter we are only concerned with the applica- 
tion of the dye-stuffs in the processes of dyeing and printing, the 
sole principal of classification we can adopt is based on the 
method of dyeing necessary to bring them on the fibre. The 
different classes of dyes, therefore, may he set down as follows : — 

4 1. Acid dye-stuffs. 

' ‘2. Basic or tannin dyes. • * 

d. Dye-salts or substantive cotton d\es. 

4. Mordant dyes. 

5. Sulphur dyes. # 

(\ ti Vat dyes. 

7. Developing dyes. 

8. Album ip dyes. f 

i. Application of Acid Dye-Stuffs. 

The. acid dyes are mostly sodium salts of sulpho acids, and 
this class comprises the dilfereut marks of tropeoline, ponceau, 
Bordeaux, scarlet, fast red, tjhromotrope, black azo dyes (such 
as uaphthol black) acid violet, acid green, several aniline blues, 

1 For details applicable to tho separate dyes, the reader is referred to 
the instructions issued by the various makers of dyo-stufK 
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patent blue, several fast blues or iiululines, tailrazint/ sulphon- 
ated rhodamines (fast acid violet), alizarine saphirol. quinoline 
yellow, azo-carmine, indigo carmine, etc., as well as such dyes 
as owe their acid character to the presence' of nitro and 
hydroxyl groups -the nitro dyes ami cosines. 

Dyes of this cljss are more frequently used than anv others 
for dyeing wool and silk, hut are not well adapted for dying 
cottons. * f 

Application to Wool.- -The dyeing is effected in presence of 
acids or acid salts, viz* sulphuric acid, sodium hisulphate 
mostly known as tartar preparation Glauber salt (sodium 
sulphate), alum, acetic acid, ammonium acetatJ, or ammonium 
oxalate. Of these, sulphuric acid and acetic acid are the most 
frequently used ; and of late, formic acid, which has an in- 
tensive and uniform action, has also been employed. The object 
of these acid adjuncts is to neutralist' the calcium bicaihonate 
in tdie dye water liberate the dye acid, and drive it on to the 
fibre. The stronger the acid, and - up to a certain point the 
larger the amount, the better and more quickly is tin* dye ab- 
sorbed by the wool. 

An equally important role is played by Glauber salt, which 
acts as a regulator to ensure uniform absorption of the dye by 
checking the rate of absorption. This it does by bringing the 
dye acid into solution as a sodium salt. The selection of the ad- 
juncts to the bath depends, therefore, primarily on the equalis- 
ing properties of the dyes used and their tendency to draw well 
or badly, as the case may1)e. 

In addition, it has to Im* considered whethoy the dye in 
question will stand a strongly acid hath or not; and another 
important factor influencing the selection of the adjunct is the 
quality of the goods to he dyed, closely woven goods being 
harder for the dye to penetrate uniformly than is the case with 
slack-twisted yarns. In the former case the operation must 
therefore he allowed to proceed slowly, and in a® faintly acid 
bath. 

Another factor regulating the absorption of dye is the tempera- 
ture, the rate increasing as the latter ascends. Therefore, since 
high acidity §f the bath and high temperatures accelerate the 
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absorption of the dye, whilst Glauber salt has a restraining 
action, ft is necessary, in the case of dyes that do not equalise 
well and goods that are hard to dye through, to commence 
operations at a low temperature and in a faintly acid bath con- 
taining dye-stult‘ and Glauber salt only, the necessary acid 
being added in several portions at a later styge. The various 
fast reds are best dyed in this way. 

With a dye that equalises readily it is possible to start with 
a very - sometimes boiling — hot, strongly acid bath, provided, 
of course, that the dye-stulT itself will stand a very strong acid 
bath. In some difficult cases the bath is allowed to become 
gradually acid during the operation, by adding ammonium 
aoetate or oxalate, these salts being slowly decomposed, with 
liberation of ammonia, on heating. 

The usual method of dyeing wool with acid dyes is as follows : 
The bath is charged with 2 to 4 per cent, of sulphuric acid, 10 
'per cent, of Glauber salt, and the (flltered)'solution of dye-stuff, 
the goods being entered at lukewarm or medium temperature 
and gradually raised to boiling, which is maintained for one hour 
to one and a quarter. This prolonged boiling is essential for 
securing the equalisation of the dye, though some dyes, such as 
indigo-carmine, dye well at somewhat lower temperatures. 
Only itf tlie case of light shades is three-quarters of an hour’s 
boiling sufficient; and here it is advisable, in* the interest of 
better equalisation, to dye with less acid and more Glauber salt. 

The foregoing method is applicable to the majority of dyes, 
and an addition of 1 k to 24 per cent, of sulphuric acid will 
generally be sufficient ; naturally this is also influenced by the 
hardness of the water. 

In the case of dyes /hat equalise well, c.<j. quinoline yellow, 
naphthol yellow^ patent blue, oyanol, fast acid violet 10 B., 
fast green (bluish), azo-carmine, chromotrope 2 R., etc., the 
goods are entered direct into the boiling bath. On the other 
hand, with a large number of dyes inferior in this respect, 
suoh as the ponceaus, scarlets, fast reds, Bordeaux, etc., the 
goods are entered at medium temperature, and an increased 
addition of Glauber salt — about 20 per cent. — is very desirable, 
♦though not absolutely necessary. In such cases c it is usual in 
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practice to useahout 10 per cent, of Glauber salt 1ml 10 to 
15 per cent, of sodium bisulphate. With regard to the latter, 
which is also used alone, it is frequently contaminated with 
saltpetre, which may do harm in dyeing, owing to the liberation 
of nitric acid. Ten parts of the bisulphate may be replaced by 

4 of sulphuric acu^uml 10 parts of Glauber salt. 

Tlie black acid dyes are mosth used in association with bi- 
sulphate, ttiough a better plan is to commence d\eing with 
Glauber salt and acetic acid, a small percentage q{ H. : S() 4 being 
afterwards added to help* to draw the dye. Some of them ean 
be dyed without Glauber salt, r.tj. imphth\l aniline hlaek 1 11 
with acetic acid, followed by sulphmie acid ; iuiphth\ luinine M 
with oxalic and acetic acids, etc. 

In the most difficult cases of all, where the d\os equalise 
badly and the stuff is hard to dye through, the material is first 
dyed, with or without Glauber salt, and then treated with an 
addition of acetic acid or an ammonium salt. 

The cosines require to l>e dyed in a faintly acid bath, one ot 
the following methods being pursued: (1) Th * bath receives 
an addition of 2 to 10 per cent, of acetic acid (or alum) accord- 
ing to the hardness of the water and the intensity of the dyeing ; 
(2) the goods to he dyed are first boiled in a hath containing 

5 per cent, ot alum, 5 per cent, of acetic acid, and 5 per cent, of 
potassium bitartrate, the solution ot the dye-stuff being added 
after the hath has been cooled down to 50° G. The temperature 
is afterwards again raised to boiling-heat. This second method 
gives the more brilliant tfyeings. In either case, less boiling 
is required than with the other acid dyes, a quarter of an hour 
to half an hour being sufficient. 

For combination dyeings, the selected dye-stuffs should be 
similar in their behaviour during the process, the choice there- 
fore generally falling on such as equalise well and are able to 
stand a strongly acid bath. 

Shading off is effected at boiling-heat in the case’bf dyes that 
equalise well ; in other cases the hath must first be cooled by 
an addition of cold water. 

Dyeings that have come out too dark or patchy may be cor- 
rected by a treatment with hot soda solution. 
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Finally it may be mentioned that dyes generally equalise 
better In old bath liquors, i.e. such as have already been used 
sevoral times over. The cause of this is of a two-fold character ; 
in the first placfi, the bath contains a larger quantity of Glauber 
salt (from* previous dyeings); and secondly, the repeated boiling 
of different parcels of wool has extracted a^ larger amount of 
wool substance, which, like the bast of silk, helps to retard the 
absoiption of the dye. 

An older njethod, used with acid dyes, especially scarlets, 
consisted in dyeing with a small percefitage of stannous chloride 
and potassium bitartrate, or with oxalic acid with or without 
addition* of a tin salt. The resulting dyeings are brighter and 
mostly also faster to milling than those obtained by the aid of 
Glauber salt and sulphuric acid. 

The alkali blues, which also belong to the acid class of dyes, 
are dyed in a special manner, owing to the fact that the corre- 
sponding dye acids are insoluble in acidified water. The goods 
are first entered in an alkaline bath (boiled for three-quarters 
of an hour to an hour) wherein the wool takes up the dye in a 
colourless form. Borax is the most suitable alkali for this pur- 
pose, 5 to 10 per cent, being used; soda (1 to 2 per cent.), 
though sometimes employed, is disadvantageous for the fibre 
on account of its strong alkalinity. After this preliminary 
treatment the wool must be very thoroughly washed, and is 
then entered for about twenty minutes in a second bath, con- 
taining 5 per cent, of sulphuric acid. Here the colour is de- 
veloped, coming out greener in shade, it may be stated, in 
proportion as the developing bath is cooler. If greater milling 
fastness is desired, the colour is developed with alum instead 
of sulphuric acid. 

These alkali 'blue dyeings, which unfortunately are of only 
very low fastness to alkali and light, are, however, characterised 
by good milling fastness (provided they are well washed after 
the first bath) and considerable beauty. Shading, when desired, 
is effected by means of acid dyes applied in the second (acid) 
bath. Dyeing to pattern is a more difficult operation with 
these dyes, owing to the fact that the colour is only developed 
in the second bath. 



Application to Silk.- Hero also, ami for the sayio reasons 
as in the case of wool, the dyeing is performed in an avid hath, 
sulphuric acid being most generally used. In some cases 
cosines, for instance — such a strong acid hath is unfavourable, 
and should he replaced by acetic acid or tartaric acid. Tin* silk 
draws the dye even in the cold, and just as in the case of 
wool — it is possible to acceleiate or n taid the absorption to 
suit the equalising powers of tlu* d\e In regulating the tem- 
perature, degree of acidity, and the use of more or 1< *s hast 
soap, which heie replaces (ilauh*r salt. Instead of hast soap, 
a 2.} per cent, solution of Marseilles (olive oil) soap and a 0 4 
per cent, solution of gelatine may he used at« least lor dyeing 
on the small scale. 

The acidified hast soap hath is prepared by boiling with the 
required quantity of acid ; th <k silk is entered and then lifted, 
and then only is the necessary quantity of water added, along 
witji a portion of the dissolved dye. In this method the fat^ 
separated from the hast soap remains in a state of very finely 
divided emulsion, which is not the case when the whole of tin? 
water and acid are added together. According to the equalis- 
ing j lower of the dye, the amount of hast soap solution taken 
ranges from one-third to one-fourth of the entire hath, one- 
third part of bast soap solution and two-thirds wat.T being 
generally used for starting. A larger pioportion of hast soil]) 
is used when uneven dyeing is anticipated or when the silk 
has acquired a dusty appearance, due to defective treatment in 
process of weighting witl* sodium silicate. 

The dissolved dye is added by degrees during the operation. 
The silk is entered at .‘30 to 40 (\, well workefl about whilst 
the temperature is being raised to near boiling-point, and is 
finished at a temperature about 00 *('. Actual boiling-heat 
should be carefully avoided. In tin* case of tlft cosines blighter 
colours are obtained at temperatures somewhat lower than the 
foregoing. Raw silk must be dyed lukewarm, temple silk at 
a lower temperature than fully scoured silk. Very delicate, 
colours, being dulled by sericin, must he dyed without hast 
soap. 

After dyeing, the silk is washed, then livened or brightened 

IT * 
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by treatment in a lukewarm to hot bath (more or less strongly 
acidified' by the same acid 1 that was used for dyeing), and is 
afterwards drained and dried without rinsing. This treatment 
brightens the colour and improves the feel of the silk, i.e. makes 
it more brittle and harder to the touch, as well as giving out a 
crunching sound when compressed. The degree of “ feel ” pro- 
duced is varied according to the purpose for «vhich the silk is 
intended, and is the greater in proportion as the bath is hotter 
and mine strongly acid. To remove the feel entirely, the silk 
is immersed for several hours in a lukewarm bath containing 
25 to .‘10 per cent, of fuller s-earth, calculated on the; weight of 
the silk ; the same softening effect is also obtained by treatment 
with the so called “ two oils ” (see under Oleic Acid). The goods 
so treated are employed for producing a “ moire M finish, silk 
with scroop being unsuitable for this purpose. 

Shading with another dye is sometimes practised in the 
brightening bath. In order to obtain fastness to washing, the 
dyed goods are put through a solidifying treatment (q.v.). 

Dyeings that have? come out too dark or patchy are corrected 
in a hath very rich in hast soap, which extracts part of the dye. 

As in the case of wool, the alkali blues are first applied in an 
alkaline hath, and the colour developed in an acid bath. The 
first hath is charged with 10 to 15 per cent, of Marseilles soap 
for light shades, or 20 to 30 per cent, for dark shades, together 
with the requisite amount of dye, the silk being entered hot and 
finished by boiling. It is next well washed — otherwise the 
colours will come out dirty — and the colour is developed in a 
hath containing sulphuric acid ; stannous chloride and hydro- 
chloric acid being used instead when greater fastness is desired. 

Application to Cotton. — The acid dyes are not well adapted 
for dyeing cotton, theii affinity fo* cellulose being almost nil. 
Nevertheless they have been used for this purpose in the ab- 
sence of more suitable dyes — previous to the introduction of 
Congo red — and are still, though only to a limited extent, viz. 
for the production of a vivid scarlet by means of croceines and 

* A few grammes of acid per litre (parts per mil.). Sulphuric, tartaric, 
citric, formio, aud acetic acids aro used according to the colour and 11 feel ’. 
Of late, formic acid is largely used in place of sulphuric. 
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similar azo dyes. The wmlus is as follows : The 

cotton is first steeped for soiik* time in a fairly concentrated 
solution of basic alum, and then d\ed in a lukewaim d\ e-bath , 
containing a minimum of water; or else the dying is effected 
in a single bath containing an addition of alum aiul common 
salt. Brighter colours are, however, obtained when the cotton 
is first treated with a cold (about V B.) solution of sodium stan- 
nate, for one to one and a half hours, previous to the alum hath. 
The eosines also can he # applied to cotton in a lukewarm hath 
with a large proportion of common salt. All these dyings, 
however, are so poorly fixed that th* \ must upt e\en l>e linsed 
afterwards. 

Some acid dyes, y/. marine blue, produced hv sulphonalmg 
strongly basic dys, can he applied to cotton after the manner 
of the basic dyes, /.#*. subsequent to the treatment of the material 
with tannin. (S<^* later.) 

2. Application of the Basic Dye-Stuffs. 

The basic dys art* mostly salts of colour bases with hydro- 
chloric acid or with /inc chloiidr. To this class belong several 
azo dyes, such as ehryoidine and Bismaick brown, also aura- 
mine, the rosanilint* dyes, and such of the malachite grt n series 
as are not sulphonated, the rhodamines and p\ mimics, acridine 
dyes, ineth\leu<* blue, most of the oxazines, such as tit*w blue 
and Nile blue, the safranim s, indomes, eurhodines; finally, 
also the indulines and nig^Osines, in su ^ir as they are not sul- 
phonated compounds. The use of these dyes is chiefly foi dy- 
ing and printing cotton. They are dissolved in distilled water 
’with addition of a little acetic acid. Auramine alone is dissolved 
in neutral water (not too hotjt Only filtered solutions are used 
for dyeing. 

AppBcation to Wool. — Wool takes up the basic dyes in a 
very uniform manner, without the use of any adjuncts in the 
dye-bath, and the absorption begins at a temperature of 30 to 
40 J C. Hard water should be, corrected with acetic acid until 
the reaction is slightly acid, since otherwise the colour bases 
separate in resinous masses and cause streakiness, w'hich is im- 
possible of removal. A slight addition of acid is also desirable, 
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because the wool mostly retains soqje alkali from the washing 
' process, and this, by forming the colourless colour base, would 
* retard the absorption of the dye. Moreover, these dyes draw 
more slowly in a faintly acid bath, a condition recognised as 
favourable in dyeing operations generally. Too much acid 
hinders the absorption of the dye. The goods are entered 
lukewarm, and the operation is continued for about an hour, 
the temperature not being allowed to exceed about 80* C. Dye- 
ings performed at boiling-heat are less brilliant in colour. 
Nevertheless, gentle boiling is admissible in the case of dark 
shades, and of a few dyes of this class, such as methyl- violet. 
Auramine, must be dyed in a neutral bath. 

The brightest colours are obtained by adding a little Marseilles 
soap to the neutral dye-bath, and avoiding higher temperatures, 
about 50° 0. being the limit. In this case, however, in order 
to avoid stains, the water must first be boiled with soap, and 
' the resulting scum removed. This method is very seldom used 
in practice. 

The necessary quantity of wool is added in two or three 
portions during the operation, arid not all at once. Wool that 
has been sulphured is not, as a rule, lit for dyeing with basic dyes. 

As far as possible the combination of basic dyes with those 
of acid' character should be avoided, since in many cases it 
leads to the founation of insoluble precipitates which may pro- 
duce spotting. Frequently, however, basic dyes are used for 
topping dyeings produced from other groups of dyes, the object 
of this •treatment being to shade or Enliven the colours. The 
operation is generally performed in a fresh bath. 

A very special process is employed for dyeing with many of 
the green dyes, such o$ brilliant green, methyl green, malachite 
green, etc. The wool is entered in a boiling hot bath of sodium 
hyposulphite, sulphuric acid, and alum, in a wooden vat, and 
is worked about in this bath for three-quarters of an hour after 
steam has been shut off; it is then drained in the hydro-ex- 
tractor, rinsed, and dyed at 'about 50° C. in a bath containing 
about 3 per cent, of acetic acid, in addition to the dye. The 
bath liquors should be kept for use over again ; the oftener 
they are used the finer the colours obtained. 
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In the above process sulphur is precipitated on tl ** til>i and 
assists in fixing the dye. These dyes can, however, hr applied 
in a simpler manner by passing the wool through a hot soap 
bath (1 to 2 per cent, of soap), and then dyeing in a fresh, luke- 4 
warm dye-bath. This method is seldom used, though occasion- 
ally resorted to for the production of a brilliant green of greater 
fastness than is atTordtnl by the use of tin* various acid greens. 

Basic (U rings on wool are characterised by lustre, good 
equalisation, fastness towards alkalis, and milling fastness. 
They are, however, fugitive to light, rub olV under friction, and 
bleed into any adjacent undyed portions when washed. 

Application to Silk. — The basic dyes ait* rapidly taken np 
by silk, even in the cold. The process is conducted at tem- 
peratures u]) to about 50 ('. in presence of acid dyes, and at 
higher temperatures in a bast soap bath slightly qualified with 
acetic acid or tartaric acid, the dye being added in several 
pOYtions during the opeiation. » 

These dyes play only a small part in silk-dyeing. The most 
generally used members of the group are rhodauiine, methyl 
violet, malachite green, Mugdala red, and fuchsine. 

Application to Cotton. This is the main sphere of useful- 
ness of the basic dyes. They dye cotton direct, producing very 
handsome, light shades, which, however, cannot he utilised in 
practice, owing to their fugitive character. Only in the case of 
several soluble indulines, such as indamine, methylene grey, 
etc., can somewhat more stable dyeings he produced by the aid 
of alum, provided a medium temperature he not exceeded. 

It must not, however, he forgotten that a variety of dyeings 
can he produced with basic dyes, on cotton that is to he spun 
into half-wool vicuna yarns, by the aid of alum and medium 
temperatures. The fastness of the dye is improved by entering 
the cotton first in a hot soap hath, then in a cold hath of stannous 
chloride, and finally in the dye-bath. In some cases the 
cotton is first steeped for a short time in a solution of basic alum 
then treated in a chalk hath, followed by a weak tannin hath, 
and finally by the dye-bath proper. In this manner, methylene 
blue, for example, will furnish purer blue dyeings than when 
fixed w ith tynnin and antimony. % 
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T?he only rational method of dyeing cotton with basic dye- 
stuffs consists in first preparing the material wdth tannin or a 
fatty acid salt of alumina, and then dyeing by gradually heating 
c the bath to about GO C. during half an hour or an hour. 
Some dyers prefer to dye without heat, since brighter colours 
are then obtained ; these, however, are not so well fixed as those 
furnished by the hot process, and consequently the method is 
only advisable for light and medium shades. In a few'mstances, 
<!.</. indoine blue and several fast blues, the dye-bath must be 
heated to boiling. 

The fact that basic dye-stuffs can also be dyed in a single 
bath and fixed with tannin, has already been mentioned in 
dealing with mordanting. 

Dyeings performed on cotton prepared with tannin are faster, 
but less handsome, than those obtained with the aid of fatty 
acids. A remarkable example of this is afforded by the 
fhodamincH, a dull lilac being produced by tannin, whereas 
fatty acids give a handsome rose- red. 

As already mentioned in the case of wool, hard water should 
be corrected before use for dyeing basic dyes ; and here also 
an addition of acetic acid is essential when light shades or 
badly equalising dyes are in question. Some of the latter, cjj. 
those us^d to imitate indigo dyeings, ciz. induline, indoine blue, 
etc., must receive an addition of alum, since otherwise uniform 
dyeing will be a result difficult of attainment. 

In many instances the goods dyed with basic dyes are pub 
through a supplementary treatment ; some colours, e.</. fuchsine, 
aro brightened by a treatment with hot alum solution; others 
are rendered faster by passing the goods through a bath of 
tannin. Finally the fastness of the above-mentioned blue dyes 
is improved by a supplementary treatment with potassium bi- 
chromate, this “ atter-chroming ” being effected by treating the 
goods for some time in a solution of the salt in question (1 per 
cent, for dark colours) at a temperature of 30' to GO C. 

To increase the fastness of these dyeings to light, it has been 
proposed to treat them with zinc polyglycosate, or with a 
mixture of a copper salt and glucose. 

Thanks to their great affinity for the fibre, the basjc dyes ma y 
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also be used for shading ami topping cottons that Vve been 
dyed with dyes belonging to other groups. 

3« Application of the Direct or Substantive Cotton Dyes. * 

lo this group^)elong the benzidine, diamine, and (Tmgodycs, 
their principal employment being in the direct dyefng of 
cotton. T*heir introduction produced a revolution in the eotton- 
d>cing industry, the simplicity and cheapness of the process, 
and the non-necessity lor using tannin or mordants, quickly 
raising these dyes to a position of high importance, though of 
late \ ears they have largely been displaced h? the suljihur dyes. 
Moreover, they an* surpassed in biillianee hv the basic dyes 
and in fastness by the adjective dyes; they an* likewise more 
susceptible than the basic dyes to impuuties in tin* material 
and to injury (luring tin 1 gassing process - on which account 
thry should he gassed in n plate machine and in a moist eon* 
dition. Some ol the dyes of this class. r.</. cloth brown, anthra- 
cene red, carhazol yellow, the sulphonc dyes, etc., are more 
suitable for wool-dyeing than for cotton. 

I he subject of these dyes has been treated in jin excellent 
manner by A. Kertesz, in a hook issued by L. Cassells A Co. 

Application to Cotton.- The adjuncts used m # the dye- 
hath comprise common salt, dauber salt, soda, potash, sodium 
phosphate, and soap. Tin* two iirst-named hclj> to piecipitato 
the dye, and therefore accelerate absorption, whilst the others, 
being alkaline, exert a Advent action and therefore retard the 
process. 

Here, therefore, just as in the case of dyeing animal fibres 
with acid dyes, we have the means ol controlling the rate of 
absoi ption, in accordance with the, equalising power and 
drawing of the dye, and the quality of the material to he dyed. 

Of the foregoing adjuncts, common salt, dauber salt, and soap 
alone are used by r themselves, tin* others being always employed 
in combination, # 

Common salt or Glauber salt can he used singly for dyeing 
any of the members of this group of dye-stuffs, though in 
practice tfy*y are confined to ttye slow-drawing dyes. 
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- Somo d^e-stufTs which will not stand acid are dyed with soda 
r alone, and are not rinsed afterwards, i.e. the alkali is inten- 
tionally allowed to remain on the fibre in order to counteract 
any subsequent exposure to acid. In the case of substantive 
dyes that # are difficult to equalise it is often best to employ 
soda as the sole addition. N 

In most instances, and in all combination dyeings, an 
ftlkaliny reagent retarding the absorption of the dye, and a pre- 
cipitant, are used in conjunction. When it is necessary to re- 
duce the rate of absorption, as is the case with light shades and 
tttulls that are difficult to dye through, the alkaline reagent 
alone is added at the outset, the precipitant being added at the 
end of about half an hour; were it not for this latter, too much 
of the dye would be left behind in tin* bath. This method is 
also recommended for dyeing mixed shades. 

Soap is preferably employed for light shades or difficult mixed 
colours, and it has also the advantage of softening the mateiSal 
in yarn-dyeing. In all other instances, soda is generally pre- 
ferable to soap as the alkaline adjunct; the latter smears the 
dye vats. 

As a general thing, the yellow dyes are applied in a neutral 
hath, the blues in a neutral or alkaline bath, and the reds in a 
strongly alkaline hath. Some dyeings— mainly yellows and 
some reds — come out brighter when sodium phosphate has 
been added; and in many red dyeings the same effect follows 
the use of Turkey-red oil. This addition is also to he recom- 
mended when equalising presents flilliculties, especially in 
dyeing yarns, the Turkey-red oil (or monopol soap) facilitating 
the damping of the cotton and the uniform absorption of the 
dye. , , 

The usual adjuncts are employed in the following proportions 
and with the following dye-stuffs: — 

1. Common salt or (calcined) Glauber salt. These are chielly 
used for slowed rawing dyes and dark shades, the proportions 
taken being 10 to 15 per cent, tor light shades, and 20 to 30 
per cent, for dark shades, calculated on the weight of the cotton. 
In a few cases (Mikado dyes, Nyanza and Tabora blacks, etc.) 
as much as 50 to 100 per cent, or even more is taken. This 
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adjunct is suitable for the Mikado and Hessian # d\es, for 
primuline, diamine golden yellow. Titan rose-red, diamine 
green, various cotton browns, benzo grey, etc. For the most 
part, purity is not an essential feature in these salts, ordinary 
Glauber salt and rock salt being quite suitable for tlft> purpose, 
except in the pi^duction of delicate light colours, for which 
crystallise^ Glauber salt or ordinal y common salt should be 
used. # 

2. Soda and Glauber salt. For dark shades, 5 per cent, ot soda 
and 15 percent, of Glauber salt are taken, the quantities being 
reduced to one-third in the case of light shades. 

This method is applicable to nearly all these dyes, (fHpeeiallv 
for most of the diamines, Chicago and Zambesi blues, mun\ 
mixed shades, etc. 

d. A mixture of 5 per cent, of potash and 2 per cent, of soap 
is frequently used for dark shades of the vai ions red dys of 
this'group — Congo, benzopurpurine, etc. as also for sever’ l 
blues, e.ij. henzo-hlack blue. Tlie highl\ important henzopur- 
])urines, however, give fuller shades with sodium phosphate and 
soaj), and brighter colours with sodium silicate and soap. 

4. With 10 per cent, of sodium phosphate and 2 per cent, of 
soap (for dark shades) ad\antageous lesults can be seemed in 
dying many yellow* shades, such as chrvsamine, chrysophenine, 
thioilavine S., tbiazol yellow, Congo and toluylene orange, as 
well as others, such as benzazurine, Congo-corinth, and many 
mixed shades. 

5. Caustic soda is used only m dying with theTiona dye- 

stuffs, such as Trona red, St. Denis red, etc., tin* bath being 
])repared with 100 to 150 per cent, of common salt, and the 
dye-stuff being dissolved in caustic soda £1 parts of alkali to 4 
parts of dye-stull). m 

When a number of substantive cotton dyes are used to- 
gether for the production of mixtures, it is advisable to select 
such as are of similar behaviour. The adjuncts used will then 
depend on the properties of the predominating components of 
the mixture ; and in these cases soda and Glauber salt, or soap 
and sodium phosphate, will he used almost exclusively. 

The chief point to be considered in the .selection of the 
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adjuncts Is the drawing property of the dye ; and the influence of 
the ad junct on the shade of the colour must not he overlooked. 
Thus, for example, diamine green is dulled hy alkalis, and must 
therefore he dyed in a neutral, or, at most, faintly alkaline 
hath. , 1 

As regards the temperature to lx* maintained in dyeing with 
this group, the following observations apply: For Ijght shades 
the goods are entered at 30" to 40° C., and the hath gradually 
heated to 50" to 00°, the dyeing process occupying about half to 
three-quarters of an hour. 

For medium and dark shades the initial temperature is 50' to 
bO 0., the hath being then slowly raised to boiling-point and 
kept thereat for about an hour. For deep shades, however, it 
is generally preferable to boil for only three-quarters of an 
hour at first, then shut olT the steam and leave the goods to 
draw for about half an hour. They must not, however, be left 
too long in the slowly cooling bath, or red patches of precipi- 
tated dye will be formed. 

The quantity of bath water plays an important part in the 
dyeing with substantive cotton dyes. Most of them draw 
badly, anti consequently it is necessary to work with a minimum 
of water when dyeing dark shades. The maximum quantity of 
w iter is 20 to 25 times the weight of the cotton ; for dyeing piece 
goods in the jigger (q.r.) a 5 to 0-fold quantity of water will be 
sullieient; and in machine dyeing still less water is used, 
though for light shades -especially on mercerised goods — very 
dilute baths are employed. 

With dark shades a portion of the dye will remain behind 
in the hath, which should, consequently, be preserved. When 
using these over again, a correspondingly smaller quantity of 
dye is added, together with only about a quarter the original 
amount of the adjunct used. In using up an old bath previ- 
ously employed for the production of a mixture, and therefore 
containing a number of dye-stuffs, it must not be forgotten that, 
in consequence of the varying drawing power of the constituent 
dyes, their proportion will be different from what it was at the 
outset, lienee, in order to ascertain what proportions of fresh 
dyes should be added, it will be necessary to mak i a trial dyeing 
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with the hath as it is, the appearance of the resulting^ colour 
giving the requisite information. 

The hath is prepared hy adding to the water an amount of 
soda proportionate to the lime content, then boiling up the 
water with the dissolved dye-stulT. and afterwards i filming in 
the necessary quantity of the adjunct required. 

After dyeing, the goods are washed, except m the ease ol light 
shades produced in a neutral hath. This washing mu*t he 
performed with particular thoroughness in the cane of the hlues 
dyed in strongly alkaline baths, since otherwise the colours will 
he too dull. The goods must he diied at a moderate tempera- 
ture, and in a plentiful supply of air . otherwise (espef mll\ in 
the case of hen/a/urine, (’ongo-corintli, etc.) lrregulai ities may 
appear. These may. however, for the most part he pi evented 
by rinsing in salt water after d\eing. 

H *ds are frequently livened up by means of Turkey-red oil, 
the ^oods h.‘ing passed through an emulsion of the oil, and 
afterwards centrifugalised and dried. 

Cottons dyed with Tiona dye-stuffs are entered into a cold 
bath of dilute sulphuric acid (\ per cent, strength), without 
previous rinsing, and are washed alterwards. 

F n dyeing mercerised cottons the fmegomg proeedm * must 
he modified in order that tin 1 absorption of tin* d\e m if take 
place gradually. • Otherwise, tin* great allimty of the dye-stuffs 
for the mercerised fibre may easily h ad to ii regular dyeing. 
The amount of Glauber salt must therefore be reduced and 
th^ temperature raised more carefully, more dilute baths being 
used, especially for light shades. • 

Dyes Diazotised and Developed on the Fibre ; so-called 
Ingrain Dyes. — The cotton isjirst dyed \*ith a substantive dye 
containing a free ainido group, capable of dia/.otisation, the 
absorbed dye being then diazotised hy treatment in a hath con- 
taining sodium nitrite, and finally treated in a developing hath, 
a phenol, or an amine, to convert the dye into a complex azo 
compound. * 

This method waslirst applied to priinuline, and subsequently 
extended to diamine black, diazo black, etc., and at the present 
time plays a v<jry important practical role. 



204 THE CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 


Tho dyeings produced in this manner are deeper and faster to 
washing, many of them also faster to light, than those produced 
in the first hath without any further treatment. In addition, 
the diazotisation and development of the colour are accompanied 
by an entire modification of tone — primuline, for instance, when 
dyed direct with common salt, giving a yellow, which, though 
pure, is too unstable to he of any practical value ; whereas when 
diazotised and developed with /?-naphthol, it furnishes a red; 
with ethyl-^i&aphthylamine (Bordeaux developer), a Bordeaux : 
both distinguished for washing fastness, and far superior to 
primuline yellow in point of fastness to light. The different 
diamine; blacks furnish a grey and a blue, which are also used 
per se. To produce darker shades of greater washing fastness, 
the dyes are mostly diazotised — with phenylenediamine, or 
toluylenediamine, for black; with /3-naphthol for dark blue, 
and with naphthylamine ether for lighter and more brilliant blue. 
Diazo brilliant black gives a Bordeaux shade, which is* con- 
verted, by diazotisation, into greyish-blue, with /j-naphthol, 
and into brown with phenylenediamine. 

A modification of this method consists in developing the dia- 
zotised dye with soda, thus producing, not a complex diazo dye, 
hut probably merely replacing the diazotised amido group by 
hydroxyl. This method chiefly serves for the production of 
bright browns with the assistance of diamine-catechu, diazo 
brilliant black, etc., these dyeings being intended to replace 
catechu. It is also applied to primuline. 

The processes of diazotisation and development on the fibre are 
therefore mainly employed for the production of dark blues, 
browns, and blacks, also for red and Bordeaux (with primuline). 

The mod nx operand i i* as follows: The cotton is first dyed 
with the requisite d\ e-stuff, then well washed and drained, and 
afterwards entered in the diazotising bath. This contains 2^ 
per cent, of sodium nitrite and 7.J per cent, of 20° B. hydro- 
chloric acid for dark shades, or 1^ per cent, of sodium nitrite 
and C) per cent, of 20° B. IIC1 for light shades, and is prepared 
by stirring the dissolved nitrite, and afterwards the (diluted) 
hydrochloric acid, slowly into a sufficient quantity of water — 
which depends on the weight of cotton to b? treated — in a 
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with the hath as it is, the appearance of the resulting^ colour 
giving the requisite information. 

The hath is prepared hy adding to the water an amount of 
soda proportionate to the lime content, then boiling up the 
water with the dissolved dye-stulT. and afterwards i filming in 
the necessary quantity of the adjunct required. 

After dyeing, the goods are washed, except m the ease ol light 
shades produced in a neutral hath. This washing mu*t he 
performed with particular thoroughness in the cane of the hlues 
dyed in strongly alkaline baths, since otherwise the colours will 
he too dull. The goods must he diied at a moderate tempera- 
ture, and in a plentiful supply of air . otherwise (espef mll\ in 
the case of hen/a/urine, (’ongo-corintli, etc.) lrregulai ities may 
appear. These may. however, for the most part he pi evented 
by rinsing in salt water after d\eing. 

H *ds are frequently livened up by means of Turkey-red oil, 
the ^oods h.‘ing passed through an emulsion of the oil, and 
afterwards centrifugalised and dried. 

Cottons dyed with Tiona dye-stuffs are entered into a cold 
bath of dilute sulphuric acid (\ per cent, strength), without 
previous rinsing, and are washed alterwards. 

F n dyeing mercerised cottons the fmegomg proeedm * must 
he modified in order that tin 1 absorption of tin* d\e m if take 
place gradually. • Otherwise, tin* great allimty of the dye-stuffs 
for the mercerised fibre may easily h ad to ii regular dyeing. 
The amount of Glauber salt must therefore be reduced and 
th^ temperature raised more carefully, more dilute baths being 
used, especially for light shades. • 

Dyes Diazotised and Developed on the Fibre ; so-called 
Ingrain Dyes. — The cotton isjirst dyed \*ith a substantive dye 
containing a free ainido group, capable of dia/.otisation, the 
absorbed dye being then diazotised hy treatment in a hath con- 
taining sodium nitrite, and finally treated in a developing hath, 
a phenol, or an amine, to convert the dye into a complex azo 
compound. * 

This method waslirst applied to priinuline, and subsequently 
extended to diamine black, diazo black, etc., and at the present 
time plays a v<jry important practical role. 
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amount of dye, atr the ordinary temperature. The statement, 
often found in the literature of the subject, to the effect that the 
fixation of the basic dyes is a special faculty of the substantive 
cotton dyes, is erroneous, since all dyeings on cotton — indigo 
blue, alizarine colours, manganese bistre, etc. — possess the 
property of absorbing basic dyes or their colour bases. 

Fixing Substantive Cotton Dyes by Subsequent Treat- 
ment with Metallic Salts.- In many instances the fastness 
to washing or light (or both) of substantive cotton dyes may bo 
improved by immersing the dyed goods in hot solutions of 
metallic salts. Unfortunately, however, this treatment is ac- 
companies! by a change of shade, which renders the process 
unsuitable for general employment. It is advantageously used 
for blues intended to replace indigo, among which special 
mention may be made of Cassella’s diamine blue 11 W, which 
when “ coppered ” (treated with copper sulphate) approximates 
very closely to indigo blue. 

The method itself was first applied to Bayer A* Co.’s henz- 
azurine, which gives greenish shades very fast to light. Chrom- 
ing improves the resistance to washing. 

The salts employed in this treatment are — copper sulphate 
(for blues only), chromium fluoride, and potassium bichromate, 
the mode of application being as follows: The dyed cotton 
is worked about for a quarter to half an hour in a hath con- 
taining 3 lo 5 per cent, of copper sulphate (according to the depth 
of the colour) and kept at a temperature of about 80° C. When 
piece goods lire in question, the hath contains 1^ to 3 parts of 
copper sulphate per 1000. 

Copper sulphate and bichromate of potash are the best, be- 
cause they increase the fastness to light and washing consider- 
ably. The method is specially important for browns and blacks, 
and consists in treating the dyed materials for 10 to 30 minutes 
in a boiling-hot hath containing 2 to 3 per cent, of copper sul- 
phate and an equal amount of bichromate, acetic acid being 
.added to clarify the liquor. 

To improve the fastness to acids, in the case of certain sub- 
stantive dyes, such as Congo red, the dyeings may he treated 



in a solution of solidogcn. In many nisis, formaldcft\di* im- 
proves the resistance to tin* effects of washing. particularly with 
browns and blacks, hut the fastness to light is therein impaued. 

Finally, treatment with dia/otised p-nitianiline proves \ei\ 
efficacious m the production of rich blight shade's of blown. 
Tlie ilye-stulTs suitable* for this tivatmrnt air known as hcn- 
zomtrol or diaminfmitra/ol el\ e-stulls. 

Applicatfon to Wool. Of late* this application of tlu* sub- 
stantive* dyes has begun to ivee*i\e* the* atte*ntion it eh , se*i \es. 

Mention should tiist he" made of those* dyes which, although 
belonging to till! cotton el\e*s. ate* \e*t mote* suitable* for dyeing 
wool; these* include* sulphona/m me*, brilliant, 4ulphouy /m me*, 
sulphonecy anine, fast diamine* ml. uulhiucciif ie*d. »*t<*. They 
may all lx* dyed with 10 per cent of (ilauher salt the* acid- 
resisting fast diamine* real also with hisulphate* and. rxeept the* 
two til st-nameal, all may lx* li\e*d with ehiome* inoidants, thus 
\ie*ldyig faste*r eulouis. This is done* eithe*r h\ moielanting in 
advance, or, in the* case* of the* reels, by after treatment with 
chromium tlounde. (.SVr Monlant Dyes.) 

Tin* sidphone* dye*s ( l> a \ e * i ) must not be* dyed at huding-heat, 
neither is the customary addition of (iluiihci salt suitable* m this 
case. According to the* instmetions giwn by the Mlheilclel 
Farl>enfal»riken, tliese dyes must he use*el with an addimm of 
ammonium acelaje, though im*(juabt u*s ie*adily occur when thi* 
salt is used. For light shad«*s and combination dyings the 
following procedure has been tound suitable*: r l lie* goods are* 
entered for some little time* ■* alxnit a quarter of an hour in the* 
dye-bath containing a small pel centavo (o ]x*r cent. for light 
shades) of soap, alter which alxnit 2 per cent, of acetic acid is 
added by degrees, to facilitate tin* absorption of the* dye*, and 
boiling is then practised for twVnly to thirty minutes. In this 
manner and by combining sulphonecyanine, sulphone brown, 
and chrysophenine, for example, peifectly uniform drab shades 
can lx; readily obtained, which, however, can now I*; obtained 
far superior in point of fastness to li^ht by certain acid dyes. 

As regards the true* cotton dyes, some of these exhibit, in wool- 
dyeing, properties which seem to render them more suitable 
for many purj>oses than the acid dyes. They are dyed at 
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boiling-heat, with an addition of 10 to 20 per cent, of 
Glauber salt — according to the depth of shade required — and, 
should more complete extraction he desired, 2 to 3 per cent, 
of acetic acid can he added as well. Moreover, in contrast 
to the ca'se of cotton, these dyes draw very well for the most 
part when applied to wool. With most of them acetic acid 
is used, hut a very suitable adjunct for many of these dyes 
is 10, per cent, of common salt and i per cent, of potash — soda 
is altogether unsuitable here - better extraction being obtained 
by this means. 

As in the cast; of cotton, these dyes can be put through an 
after- 1 re itment with metallic salts. 

The ml and yellow substantive dyes — e.y. Delta purpurine, 
diamine scarlet, Kmin red, chrysophenine, etc. — are the best 
adapted for wool, the browns and violets least of all. Their 
superiority over the acid dyes is expressed in their greater 
power of withstanding milling and sulphuring. Thus, for 
instance, none of the many ponceau reds is suitable for dyeing 
loose wool and yarns for producing parti-coloured fabrics, which 
will have to be milled or require sulphuring in the piece, in 
order to clean any white that may be present. More on this 
point will be given in Section IV. 

Finally, it may be remarked that the substantive dyes also 
play an important part in the dyeing of half-wool fabric* (r/.r.). 

The Application of the Substantive Dyes to Silk was long 
exceedingly restricted, only a few — -chrysamine, chrysophenine, 
Mikado yellow, etc. — being used. 

Of late years, however, they have also become important in 
this connection, and must be specially mentioned, since many 
of them can he used with great advantage in silk dyeing — such 
as diamine scarlet, fast diamine red, the dye-stuffs of the chlora- 
mine yellow group, and diamine green, particularly in substitu- 
tion for alizarine dyes which give rise to considerable trouble 
when used** on silk. Various methods of dyeing are practised; 
light shades being dyed wLh additions of sodium phosphate or 
Marseilles soap, and dark shades with Glauber salt and acetic 
acid; another plan being to dye in a hast soap bath acidified 
with a little acetic acid. The bath temperature should only be 
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raised by degrees, and, in the ease of light shades, *hoyld not 
exceed the heat of the hand. In the interests of fastness it is 
advisable to soap after dyeing, and then brighten by the usual 
means. 

The dyeings may also be diuzotised as in the ease*of cotton, 
and developed or treated with metallic salts. Thus, for instance, 
primuline ml is a very good silk d\e ; and primuline. developed 
with soda, gives a yellow that can hardly l>e surpassed. .Very 
fast olive shades, etc., can he obtained b\ dyeing ^'ith primuline 
and diamine green, and developing with phenol. 

The substantive dyes are also of considerable importance in 
the dyeing of half-silk goods. 

Supplementary Remarks. - In addition to the substantive 
dyes and several basic dyes, there are also a few others possess- 
ing the property <>f # dyeing cotton direct. These are— i hodamine 
S, cathou de Ijaval, canarine, a few natural dye-stuffs like cur- 
cuma. safflower, and Orleans, though none hut the two first arc* 
now in use for this purpose. 

Rhodamine S is d\ed at about 40' (•. in presence of a small 
percentage of acetic acid, and furnishes a handsome rose-red. 

Cachou de Laval is dyed tor about half a i hour at first, 
without any adjuncts, after which time 0 per cent, of soda is 
added — to soft water, or correspondingly more to hard water-— 
and the operation continued for half an hour longe- at about 
70° C. By reason of their cheapness and fastness these dyes 
are still frequently used for bottoming dark colours ; they may 
be shaded by a treatment with metallic salts, iror;, chromium, 
or copper. 

• • 

4. Application of the Mordant Dyes. 

To this class belong a large nurnl)er of very differently con- 
stituted dyes, all of which possess an acid character, and are 
indebted to the presence of hydroxyl or carboxyl groups for 
their capacity of forming lakes with mordants. 

Their pigmentary character differs considerably in degree. 
Some of them, formerly entitled ‘^adjective dyes" are such 

14 
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weak figments that they are incapable of furnishing utilisable 
colours when used alone, and require to be combined with mor- 
dants, with which substances they produce strongly coloured 
insoluble compounds known as “lakes”. To these belong ali- 
zarine and the dye-woods. Others, again, are themselves 
highly coloured, notwithstanding which they cannot be used 
for dyeing unless in conjunction with mordants; this section 
includes galloine and many alizarine dyes. Finally, there are 
a number of t^cid dyes and substantive dyes that can either be 
used alone or lixed on the fibre by means of mordants, this 
sub-group comprising anthracene yellow, caibazol yellow, fast 
diamine, red, brilliant alizarinecyanine U G, chromotrope, etc. 

It is, however, impossible to draw any strict line of demarca- 
tion between these dyes, their divergences being gradual and 
not fundamental. Only in the case of the first-named adjective 
dyes is it perhaps feasible to constitute a separate group ; and 
even here there are individual dyes, e.ij. santal wood,* that 
possess intermediate properties. 

One characteristic possessed by all these dyes in common is 
that of fastness to milling 

Ju dyeing with mordant dyes, the nature of the bath water 
plays an important part, and therefore the water used must 
have been corrected with acetic acid, otherwise a partial pre- 
cipitation of the colour, in the form of lime and magnesia lakes, 
may occur. In some cases organic impurities have an unfavour- 
able effect, e.(j. in presence of cochineal or alizarine blue. 

Application to Wool. — This is the most important use of 
mordant dyes, and, in fact, most of them are suitable for this 
purpose alone. 

The methods of fixing that may be employed in this case are 
varied, and for convenience of treatment will be described in 
groups : — 

i. Dyeing previously Mordanted Wool. — This is an im- 
portant piocess in wool-dyeing, and is applicable to all the 
mordant dyes. The temperature, duration of boiling, and the 
addition of acetic acid to the bath, all depend on the nature of 
the dye ; and, from this point of view, the mordant dyes may 
be divided into three classes : — 



(a) Ahuirine Dyes .-— These require the greatest carg in dye- 
ing, and are, for the most part, very susceptible to the influence 
of impurities in the goods to he dyed. The modus ojk'raudi is as 
follows: The mordanted wool is first treated for a quarter of an 
hour in a cold hath of dye; the. temperature is then gradually 
raised to boiling, in about an hour, and maintained in this con- 
dition for one and a half to two and a half hnuis, tin* goods 
being well worked. Should the initial temperature he qnduh 
high, or tht' heating proceed too rapidly, uncqyal d\eing may 
easily result. Only in tne case of loose wool is less care neces- 
sary, the initial temperature in that case being up to 4 0 t\ 
The prolonged boiling is necessary to ensure the pioper fixing 
of the dye. 

A neutral bath is the most favourable for some of the alizarine 
dyes — alizarine red, alizarine orange, anthracene brown, and gab 
leine — that come on the market in paste form. In other instances, 
especially for the powdered alizaiine red, alizarine brown, sum 
galleine, which art; sodium salts of dye-stuff sulpho-acids, the 
liberation of the dye acid entails the addition of an excess of 
acetic acid (7o0 c.t\ of S 15. acetic acid pt‘r kilo— 00N2 gal. per 
lb. — of dye, when the water has l>een previously corrected). The 
different marks of alizarine blue, cceruleine, alizarine yellow, 
etc., require in addition about 2 per cent, of H' B. ucit'c ucid to 
facilitate extraction, this addition being made by degrees at in- 
tervals during the process. 

In mixed shades of different alizarine dyes it will always 1 m; 
possible, by exercising a little care, to work in a weak acetic 
acid bath, the acid being added gradually and jiot until tin; 
bulk of the dye has been absorbed. 

Delicate light colours and materials that are difficult to dye 
through, such as felt hat bodies, are preferably dyed in a slightly 
atnmoniacal bath at the start ; and after boiling has proceeded 
for some time, the acetic acid is added until the reaction be- 
comes slightly acid. # 

To shade dyeings made with alizarine dyes, the hath is 
neutralised with ammonia, the shading dye is added, and after 
a short time the acetic acid is run in by degrees. This, how- 
ever, is mostly done with acid dyes that are fast to milling (such 
as patent blue A), or else with dye-woods. 
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(b) Dye-Woods. — These are easier to manipulate than the 
alizarines. 

The mordanted wool may he entered at 50° to 60° C., and the 
period of boiling may he shorter, an hour and a half being 
sufficient fdr dark colours. A neutral hath is employed. 

(c) All other mordant dyes can he dyed hy entering the mor- 
danted wool at 4.0° 0., gradually raising the temperature to 100". 
and boiling for an hour to an hour and a quarter — longer boil- 
ing being only acquired in the case of chrome blue and chrome 
violet, for example, in order to complete the formation of the 
lake. They are all applied in a weak acetic acid hath, the 
amount 61 acid (1 to per cent, of 8° B. acetic acid) depending 
on how the dye draws. In some instances, e.y. cloth red, or 
goods that are dillicult to dye, a little sodium acetate is added 
at first, followed by acetic acid. 

Dyeings that have a tendency to dust off, e g. logwood black, 
are of ton returned to the mordanting bath for a short time, after 
dyeing, to improve the fixation of the dye. This treatment oc- 
casionally induces a slight modification of the shade, alizarine 
cyanine, for instance, becoming a little bluer and darker. 

2 . Dyeing in a Single Bath. — This method has the advan- 
tage over the previous one of being quicker, simpler, and there- 
fore cheaper, since the mordanting and dyeing are here combined 
into one operation. 

Owing to the total duration of boiling being shortei than in 
the first-named method — in which the goods are boiled fhst in 
the mordanting bath and then in tho dye — there is less risk of 
shrinkage for piece-goods, or of injury to the wool. 

Herein, however, resides the drawback of the process, inas- 
much as the formation of the lak;^ in the bath results in a loss 
of both mordant and dye, and in most cases the dyeings are not 
so full or so well lixed as in the first method. There are three 
variants of this process : — 

(a) Dyeing i?i a Single Bath containing both the Dye and the 
Metallic Salts used as Mordants. — In this case, therefore, the 
formation of tho lake proceeds in the bath itself, and for this 
reason an acid substance (oxalic acid or potassium bitartrate) 
must be added, in order thrtt the colour lake may be presented 
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in a soluble form to the fibre. At the same time it* is thus 
evident that this method, which •jives the brightest of all the 
mordanted dyeings, can only he employed when the colour lake 
is correspondingly soluble. Its chief uses are in the production 
of cochineal scarlet, dyeing with yllow dye- woods* (especially 
quercitron), and mi a few logwood dyeings which will he dealt 
with more Jul ly later on. 

Latteily, also, this method has been applied to dying light 
shades with alizarine dy-stufVs, and the method is of special 
pi actio 1.1 ini)K)rtance for single-bath alizarine dyings with the 
aid of ehiomium fluoride. The bath is charged with the dye 
and d per cent, of chromium fluoride, the damped goods are 
entered cold, then slowly raised to boiling and maintained there 
for an hour or an hour and a half. A number of pale blue, grey, 
and dial) shades are pioduced on worsteds hy this means, with 
or without vat bottoming. 

\ft) The Ih'epenimj Method. - This is used in the pioduct -n 
of a number of drabs and blues by the aid of fustic, santal, 
madder, logwood, and sumach. The red dye used in the case 
of light shades is madder, the more powerful pigment, santal- 
wood, being employed for dark shade**. The dyings, however, 
are not very fast and the practice has almost been abandoned. 

Used alone, without mordants, the above dy-stull’s iiirnish 
only light shades; light dial), for example, being obtained by 
the help of fustic, madder, sumach, and potassium hilai Irate. 
The addition of logwood furnishes greyer tints. 

In most cases, however, these dyeings must he darkened hy 
the aid of mordants. Thus, for example, the goods are first 
dyed with fustic, madder, sumach, and logwood ; the dye-bath 
is then cooled down quickly by an addition of cold water, a 
little ferrous sulphate is added, and the wlyile is !>oil«d up 
again for an hour. 

Dark browns are produced by this method in the following 
manner : The goods are first boiled for about aiT hour in a 
bath containing fustic, santal, logwood, and sumach; then 
cooled as al>ove, treated with copper sulphate, boiled for an- 
other hour — and when required to lx; still darker, cooled again 
as before, treated with ferrous sulphate and tailed one hour 
longer. 
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It is impossible to give further details, the procedure depend- 
ing entirely on the shade and depth of colour. For dark browns 
in general, 3 per cent, of copper sulphate and 1 to 10 per cent, 
of ferrous Hulphate are employed ; occasionally, for light shades, 
only a few hundredths to tenths of 1 per cent, of ferrous sul- 
phate are taken, the copper sulphate being ortiitted altogether. 
Iron gives darker, copper brighter shades. This method, which 
requires much practice, played a large part in dyeing piece 
goods at one tirlie but is now rarely used. 

(c) After-Chrominj ; Developint/ with Mordants.- Many acid 
dyes and substantive dyes, such as chromotrope, Victoria violet 
4 IIS and 8 B8, patent blue, cloth red, milling blue (Kalle A 
Co.), flavazol (Berliner Actiengesellschaft), anthracene yellow, 
anthracite black, fast diamine red, anthracene red, etc., can be 
improved in point of fastness to milling by a hot after-treatment 
with mordants. This treatment has been styled “after-chrom- 
ing,” because only chrome mordants, i.o. chromium fluoride or 
potassium bichromate, aro used. 

It has also been found that most of the mordant dye-stuffs 
(such as diamond black F, alizarine black, anthracene chrome 
black, etc.) which, formerly, were fixable only by the first-named 
method, can now be fixed on wool to great advantage, 
by. dyeing and after-chroming; so that the process now oc- 
cupies a prominent place in the fast dyeings of woollens. 

In the case of acid dyes the advantages of this method are, 
that the fastness of the dyes, particularly with regard to milling, 
is greatly improved, whilst with the mordant dyes better 
equalisation and more thorough permeation of the material are 
ensured with less injury to the wool through boiling. 

Tho after-treatment • with chrOme mordants renders the 
colours somewlnto darker, but otherwise their appearance under- 
goes little alteration as a rule. In the case of Victoria violet, 
purer blues {.ire obtained ; but w 7 ith the chromotropes, to which 
this method was first applied, a complete change of colour 
ensues, tho red shades produced in an acid bath being con- 
verted by this treatment into dark blue to black. 

The same applies to the importance of amino-phenolazo dye- 
stuffs and certain acid alizarine dyes, in which case, however. 
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a difference exists in comparison with the ehromotrop^s, inas- 
much as the practically useful colour is produced only on treat- 
ment with potass. tun bichromate. 

The chemical reaction proceeding in the after-chroming treat- 
ment cousists chiefly in the formation of a chrome fake of the 
corresponding dy . ; in a few instances, especially with several 
chromottopes (F.B., S), chrome brown and chromogene l. (M. 
li. Hr.) the reaction is one ot oxidation, and consequently 
potassium bichromate is the only means that eifli he employed 
for after-chroming these dyes ; in other instances the operation 
is performed partly with chromium lluoiide and paitly with 
bichromate. Some dyes, like the aforesaid Victoiia violet, are 
decomposed by bichromate, and must therefor* 4 he treated with 
chromium lluoiide. For all others, preference is given to 
whichever of these two chrome moidants furnishes the best 
results, chromium* fluoride being most frequently selected, since 
it also rendeis the wool less harsh than the bichromate. 

For the acid dyes the following method is employed . The 
goods aie dyed first in an acid hath as usual, after which 
chromium fluoride is added -in the proportion of -i to 4 per 
cent, for dark shades, or less tor light shades and th<‘ hath is 
boiled for half an hour to an hotu longer. When bn Inornate 
is used the hath must he fir-t cooled down by adding cold water, 
and in this case*also an addition of a little oxalic acid towards 
the end of the operation is usually beneficial. 

Shading can he effected in the same hath, either before or 
after chroming, dyes of good equalising power being preferably 
used. When bichromate has been employed, the, "shading dyes 
selected must be such as aie able to resist the action of this 
reagent, c.<j. patent blue, maiy acid violets, azoflavine, orange 
IV, fast acid violet A2R, etc. Darkening witD dve-woods, e.tj. 
logwood, must he performed in a separate hath. 

Mordant dyes, too, are fir^t employed in an aci^ hath, pre- 
ferably with addition of sulphuric acid and Glauber salt. In 
some cases, c.y m diamond black, and anthracene chrome black on 
loose wool or yarn, the Glauber salt is replaced by acetic acid. 
The amount of acid added depends, of course, on the manner in 
which the dye “draw's,” it being necessary to bear in mind that 
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Home mordant dyes do not draw so well in presence of a large 
amount of sulphuric acid as when the quantity of acid is smaller. 
Generally, a larger amount of Glauber salt than usual will have 
to be used, or acetic acid employed instead of sulphuric, especi- 
ally in dulling with heavy, closely woven materials in which the 
dye equalises with difficulty. In such cases ps much as 20 per 
cent, and more of Glauber salt will be needed. * 

After dyeing, the bath is cooled down to 50° to f)0 J C. by cold 
water, and, alter the addition of the chromium fluoride or 
bichromate, boiled again for an hour to an hour and a half. 
The quantity of chromium fluoride taken varies from 2 to 0 per 
cent, and depends on the dye-stuff used; in most instances 3 to 
4 per cent, will be sufficient. Bichromate is used in the pro- 
portion of l to 3 per cent. 

Though alum and other mordants can be used for developing, 
only the above-mentioned chrome mordant* are employed in 
practice. With regard to the choice between the two, the ob- 
servations already made in dealing with the after-chroming of 
acid dyes also apply here. 

This method of dyeing is of special practical importance for 
alizarine black, WK (B.A.8.F.) and diamine black (F. Bayer 
& Co.). For the first of these the method has the advantage of 
cheapness, whilst b> this means the usual difficulty encountered 
with regard to the equalising of diamine bhnik on mordanted 
wool is entirely obviated. 

Both are dyed in a bath containing acetic acid -first with 
ammonium acetate and then with acetic acid, in the case of 
piece-goods difficult to dye through — and afterwards developed 
in the same bath with 1 to l.J per cent, of bichromate. 

In the case of diamjpe black, ,>vhen the goods are not diffi- 
cult to dye through, Glauber salt is added, together with a little 
sulphuric acid to ensure more complete extraction ; after 
adding the bichromate the goods are boiled for three-quarters 
of an hour, or an hour in the case of alizarine black. 

With these dye-stuffs the hichromate acts chiefly as an oxidi- 
sing agent ; but how far it also acts as a mordant has not yet been 
established, since an alizarine black which meets all practical 
requirements can also be' obtained, without bichromate, by 
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steaming the dyeing obtained by steaming the dyeing pi oduced 
in the acid bath. 

Of course, after-chroming can also be carried on in two 
Iwiths ; and in some instances this is ad\antageous, inasmuch 
as the two baths can also he used for further dyeings.* 

Special inter*)* attaches to dyeing with cochineal and a few 
of the logwood dyings, which will therefore now he dealt with 
in detail. 


Dyeing >vith Cochineal. 

Cochineal furnishes a red with tin mordant/, and ai^amethyst 
(bluish-red) with aluminium mordants. The 1’uM of these, 
cQchineal scarlet, is one of the oldest, handsomest, and best 
colours known, and formerly played a very important part in 
wool-dyeing, l^ven at the present time the cochineal seal let 
shade is highly esteemed, though nowadays it is pioduced by 
the aid of various ponceau reds. Nevei theless, when a fast 
scat let is required, as is most frequently the case with smooth 
cloths, it must still he produced by means of cochineal. Fre- 
quently the colour is bottomed with cochineal and topped with 
ponceau, a dyeing of this kind being teimed " semi-fa -t seal let/' 
whilst the cheaper colour obtained with ponceau aim c is called 
“fugitive scarlet,” though the actual difference in tastness be- 
tween the cochineal and ponceau scarlets is confined to their 
behaviour during washing and milling, the latter hlee<ling where- 
as the former are fast. ( # oehineal scarlet, however, will not stand 
treatment with soap or alkalis without undergoing a change 4 of 
shade and turning a bluish tinge, whilst ponceau scarlet re- 
mains free from appreciably alteration^ In point of fastness to 
light the best ponceaus are little inferior to cochineal. 

There are two ways of testing the; fastness of scarlet- -by 
sulphuric acid and hv stannous chloride solution. When 
touched with the former reagent, a cochineal dyeing gives a 
pure yellow stain but in the case; of ponceaus the colour is more 
or less brownish. When treated with a solution of stannous 
chloride of a certain strength— -which can be determined by 
a few tests #with the two colour*— and heated, the j>onceau 
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dyeings Arcs bleached entirely, whilst the cochineal dyeings are 
less affected. Semi-fast scarlet can also be easily detected by 
this means. 

For the most part, cochineal scarlet is produced with cochi- 
neal and *lac dye, the resulting colour being somewhat less 
sensitive to the action of alkalis. In point of fastness to light 
these two dyes are about on a par ; the handsomest shade, 
howevf*r, is that obtained from cochineal alone. 

Cochineal recfuires no preliminary treatment to fit it for use, 
whereas lac dye must first be mixed into a paste with water, 
left to stand for several weeks, incorporated with a solution of 
stannous chloride, and again left for some time, since fresh lac 
dye will not give a handsome colour, the beauty of the dyeing 
increasing with the duration of the preparatory treatment. The 
method of dyeing is the same whether the cochineal is used 
.alone or in conjunction with lac dye ; consequently, for the sake 
of brevity, cochineal alone will he mentioned in describing 
the process. 

Before entering on this description it should he stated that 
cochineal scarlet may be of various shades- full or thin, and 
more, or less tinged with blue or yellow, as desired. It may 
be produced by mordanting and subsequent dyeing, or in a 
single bath. The latter method gives a more handsome red, of 
yellowish cast, whilst the other method furnished a more intense 
bluish-red, and the material is dyed through better. Occasion- 
ally the two processes are combined, either by adding part of 
the dye to the mordant bath, or cice vcrs<1. 

The mordants used are stannous chloride (“tin silt”) with 
oxalic acid, or “acid for scarlet ” with potassium bitartrate. 
By taking a small quantity of tin salt, a dull red, of bluish cast, 
is obtained, whilst an excess of tin salt or bitartrate gives a 
yellower scarlet, the latter salt furnishing a handsomer shade 
than is obtainable with oxalic acid. Scarlet produced with tin 
salt and oxalic acid is less sensitive to alkalis than that furnished 
by the other mordant mixture, though, on the other hand, the 
latter colour undergoes less alteration when heated. 

In any case, pure soft water must be used for dyeing scarlet, 
and the operation must not be too protracted, the # colour being 



rendered muddy by prolonged boiling. It is impossible to ob- 
tain a pure scarlet in a copper pan, and tin vessels must there- 
fore be used. Strangely enough, the colour obtained by dyeing 
in wooden vessels, where there is no metal to cause muddiness, 
is less handsome than that produced in tin \essels. • 

The dye shouM, as far as ]>ossil)le, lit' on tin* sui face of the 
cloth, since? in these circumstances the underlying white thrown 
up the colour more brightly. The white section of tln # dyed 
goods is a characteristic indication of fast sc;frlet, the goods 
being always dyed further through when ponceau has been used. 

The best method of procedure to adopt for obtaining a hand- 
some scarlet is as follows : The bath is prepared in a tfn vessel, 
and contains only a part of the necessary cochineal and acid 
for scarlet, together with (purified semi-crystal) bitar! rate. The 
goods are entered very hot, so as to deposit, as much as possible 
of the scarlet on the surface, the temperature being then raised 
to boiling, and the rest of the scarlet acid and cochineal add' d 
after awhile. The whole* operation should not take longer than 
an hour and a quarter. About l<> per cent, of coehmeal is 
required ; but the amount of tin* mordant cannot be definitely 
given, owing to its very variable concent lation. 

Semi-fast scarlets also are produced with cochin* .1 e.nd a 
ponceau (r.</. brilliant cochineal) in a single bath. , 

In the second method, 3 per cent, of tin salt and an equal quan- 
tity of oxalic acid are used. 

After dyeing, the good ^ are rinsed with water, slightly acidi- 
fied with sulphuric acid to prevent the scarlet being tinged blue 
by the action of the bicarbonate in the water. Tin; baths are 
not fully exhausted, and can be used over again with advantage. 

My topping the scarlet with lhodamifiea very vivid appear- 
ance is imparted to the colour. For producing a yellow tinge 
flavine is generally used, this being added to the cochineal in 
the dye-bath. Buckthorn berries, and occasionally Juste t wood, 
are also taken for this purpose. 

Scarlet occasionally exhibits a number of small black specks, 
so-called “tin stains” (tin sulphide?), in which event the goods 
must be steeped in a solution of oxalic acid. 

Finally, it may he mentioned that very pale scarlets are also 
produced for pink shades. 
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To obtain amethyst shades with cochineal, alum is used, with 
or without tin mordant. In this case the single bath method 
is inapplicable on account of the considerable precipitate that 
would form in the bath owing to the low solubility of the 
alumina Jake. Moreover, lac dye is unsuitable, this dye giving 
ugly brown shades with alumina mordants. t The goods are 
mordanted with alum, bitartrate and scarlet acid, a*nd dyed in 
a fresh bath containing a little bitartrate and scarlet acid in 
addition to t\w. cochineal. It is advisable to add a portion 
(about 1 per cent.) of the dye to the mordanting bath in order 
to (insure the goods being dyed through better. 

Coehi&eal dyeings are often darkened by topping with archil; 
madder or alizarine being also employed for brownish-red tones. 

Occasionally the so-called “scouring” process is employed 
for blueing cochineal dyeings, the dyed goods being treated in 
a lukewarm bath to which ammonia is added, by degrees. The 
operation must proceed slowly, and the goods must always be 
somewhat “ over- scoured,” since the colour goes back a little, 
i.c. loses some of the blue tinge, in drying. 

Black and Blue Dyeings with Logwood on Wool. 

Logwood is used in the form of chips or as an extract, and 
occasionally is subjected to a process of oxidativm termed “ fer- 
mentation,” the object of which is to convert the hiematoxylin 
present in the wood into the true pigment luematein. 

According to Von Cochenhausen, tfie different constitution of 
the chips and extract (which merely contain hiematoxylin) from 
that of the fermented product should lead to a modification in 
their method of employment, whijh, however, is disregarded in 
practice. Thisjobserver’s view is that, in the case of the unfer- 
mented wood or extract, the hiematein is only produced during 
the operation, either as a result of prolonged boiling or of the 
oxidising action of the mordant on the haunatoxylin ; conse- 
quently these materials should preferably be used, in conjunc- 
tion with iron and copper mordants, for dyeing wool that has 
been mordanted with potassium bichromate and sulphuric acid. 
If, however, the available mordants have no oxidising action, 



c.(f. alumina mordants, or potassium bichromate in presence of 
an organic acid, then better results will he obtained with h i 
men ted logw r ood. Finally, he considers that the fermented 
product should never be used after the said oxidising mordants, 
since in such event the destruction of the hirmutcifi,, which is 
readily oxidised £o brown substances, is to hi* tea red. 

The fermentation is performed iua piimiti\e manner, usually 
in the dyeworks, hy spreading the logwood chips m irregular 
heaps, which are then moistened with water. or # weak solutions 
of alkali, and turned over at intenals. 

A more rational method of procedure is as follows- The 
chips are laid in heaps, about eighty inches m flepth, <*> a well- 
ventilated upper floor, where the\ are slightly moistened and 
left for several days or weeks, according to the time of year. 
The completion of tin* process may he recognised from the 
appearance of t lit; wood, which, when properly fermented, is of 
a dftrk red-brown colour and exhibits in places (if sullieientk 
rich in pigment) a greenish inciustation of luematein ci\stals, 
with metallic lustre. The wood is then spread out in thinner 
layers and dried at about 50 1 (\ in older to prevent further 
oxidation, which might prove injuiious to the ha-matem. 

Logwood extract is prepared m \aiious ways, which may he 
divided into two chief classes with and without pre- -urt* ; the 
former furnishing a larger \ield, whilst the latter gives the 
better quality product. The yield stands in diiect relation to 
the degree of pressure and temperature employed for the ex- 
traction. • 

In extracting under ordinary pressure, whiifth method is 
adopted in some works, the comminuted and unfermented wood 
is placed in a diffusion apparatus of the type used in sugar-re- 
fining, and is extracted with warm soft water, ^he sob* pressure 
applied being that of a column of water about 10 feet high. If 
the product he intended for the calico-printer, the extraction 
is carried on at 60° (’., hut if for dyeing, the temperature is 
increased to 80°. The operation will he finished in about five 
to six hours, and the residue is used as fuel. Extraction at 
80° C. should give a yield of at least 2 5 per cent. ; at lower tem- 
peratures it iti naturally smaller, but of better quality. If the 
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American method be employed — extracting in closed vessels — 
the pressure should never he less than two atmospheres, and 
the quality suffers in proportion as the yield exceeds 30 per cent. 

The solution obtained by one or other of the above methods is 
clarified by settling, and then concentrated to 30° B. in vacuo. 
The extract for printer's use, which must be entirely free from 

solid matters, is filtered before concentration, and the latter 

« 

process is frequently stopped when the density measures 20° B. 
Solid extract i^ also made, but is less suitable for use- -especi- 
ally in printing — since in the preparation no trouble is taken 
to remove impurities, without which latter, indeed, the produc- 
tion of g. solid Extract by evaporation is impossible. In point 
of dyeing power, (> parts of solid extract correspond to about 10 
parts of a 30° B. liquid extract. 

As regards the quality of the wood to be used, little can be 
said on this point generally, cheap logwoods being occasionally 
better adapted for the production of extract than dearer sorts. 
Extensive use has latterly been made of roots, chielly from 
Jamaica, in the production of extract. The very tine extract 
sold under the name “ hie mate in ” is prepared from Laguna 
logwood. A logwood powder is put on the market by Fener- 
lein of Stuttgart. 

Thu literature on the preparation of logwood extracts is com- 
paratively large, but contains so many unreliable and contra- 
dictory reports that it will be left out of consideration here. 
There are also a large number of patents dealing with improved 
methods of manufacture and purification. Thus, to give an 
instance, Foelsing’s patent proposes to extract fermented log- 
wood and pass an electric current through the resulting solution 
kept under pressure, the object of this treatment being to de- 
resinify the extract. \^ith regaref to the technical value of this 
and similar processes no information is available. 

Logwood is also extracted by two methods — with and without 
pressure — hi dye works. In the latter case the chips are put 
into bags and boiled in wa^er for two hours in a wooden vat. 
In the pressure method the chips are put into a small upright 
boiler and boiled twice — a quarter of an hour each time — with 
water, under a pressure of. at least two atmospheres. A fre- 



■quent source of error in this method is to work with # U>o large 
a quantity of chips at a time; properiy the l>oiler should he 
only about two-thirds full. 

The hlack dyeing of wool with logwood is an ait of great 
antiquity, there having been a guild of black d)ers^is long ago 
as the eleventh century. Founerlva fast black was "prod need 
on a vat bottoming, but at present, from motives of economy , 
this method has almost entirely disappeared, leaving tin' held 
to the three following piocesses ■ — 

1. Iron hlack, or SaMiurg hlack (so called because frequently 
produced with the aid of *' S.ilzlmrg \itiiol.” consisting of 
ferrous and copper sulphate-*), with ferrous sulphate aijd copper 
sulphate as mordants. 

‘2. Chrome hlack, with potassium hichi ornate and copper 
sulphate as mordants. 

,‘J. Single-bath hlack. mordanted with ferrous sulphate, either 
alone or in conjunction with copper sulphate. 

An important point is tin* quality of the water used for dye- 
ing, softness being essential ; so that hard water must be cor- 
rected with acetic acid. Tim resulting calcium acetate has a 
favourable influence on logwood dyeings, for reasons that have 
already been discussed in the chapter on Mordants. 

Iron Black is the. oldest wool hlack known; the method is 
employed in a number of modilications, liut only the simplest 
and most rational form will he described. The material is first 
mordanted with 10 to 10 per cent, of ferrous sulphate, *1 to 0 per 
cent, of copper sulphatepand U to 2 per cent, sometimes as 
much as 5 per cent, of potassium bitartrate. Loose wool re- 
quires more mordant than piece-goods. In the case of liner 
goods the proportion of hitartraU* is increased, the result being 
that the material is dyed through better. Dyeing then follows. 
Nowadays extracts are chiefly used for dyeing loose, wool, yarns, 
and the finer piece-goods, logwood chips serving for lower-class 
goods. The black obtained by the use of extract i 'm dearer hut 
finer and has a cleaner appearapee than that from chips. 
A very handsome blue-black can be obtained with 10 per cent, 
of solid extract, the quantity of chips required for dyeing vary- 
ing between JO and 60 per cent., according to their richness in 
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dye and f the quality of the goods to be* treated — the finer the 
material the larger the amount of dyewood. Some dyers prefer 
the inferior kinds of logwood (e.g. Monte Christo) to the better 
sorts for this purpose. To convert the bluish tinge characteristic 
of logwood .blacks into deep black, the dye-bath must receive an 
addition of about 2 per cent, of 30° B. fustic extract. The goods 
are entered hot, raised to 100°, and boiled for an hour and a 
half to two hours. After-treatment with copper sulphate is 
frequently giveq in order to deepen the black and remedy de- 
fective mordanting. When mordanting has been correctly 
performed the dye-bath will be of a wine-yellow colour. After- 
dyeing, ^he goofts must be thoroughly washed — piece-goods 
receiving an addition of fuller’s-earth — to dissolve the adherent 
unfixed particles of dye. If this be omitted the colour will rub 
off to a considerable extent. 

Chrome Black.— The production of a deep logwood black 
with a chrome mordant alone is impossible, this method "fur- 
nishing a blue-black which, moreover, is fugitive under the in- 
fluence of light. Consequently, in practice the so-called chrome 
black is produced with the aid of copper sulphate, the resulting 
colour being deeper and faster to light ; the shade depends on 
the amount of copper sulphate employed. 

The* wool is mordanted with 3 per cent, of potassium bichro- 
irfate, 1-J to 3 per cent, of copper sulphate, and 1^ per cent, of 
sulphuric acid : and is then dyed in the same way as for iron 
black. To ensure the black rubbing off as little as possible, 
which is an important consideration iff yarns intended for work- 
ing up along % with white, the wool is returned to the mordanting 
bath for a short time after leaving the dye-bath. 

Single-bath black is produced in two 1 ways. Formerly a 
common black >yas obtained by dyeing the goods for some time 
in a decoction of logwood and 5 to 6 per cent, of sumach, and 
then darkening with ferrous sulphate. 

This, however, rubs off more extensively than any other black 
dyeing on wool, and its uss is therefore restricted to common 
wools and yarn waste. If a single-bath method appears ad- 
visable, either on the score of cheapness or because the pro- 
longed boiling in the two-bath process is likely, to injure the 
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quality of tin* goods, thVn the d\ e-bath is piepared wqh l per 
cent, of fenous sulphate. 2 per cent, of copper sulphate. 2 pel 
cent, of oxalic acid, 10 per cent, of ii() logwood extract, and 
4 to 1 per cent, of fast yellow. After boiling the hath liquor 
and cooling it down with cold water, the goods are mitered anil 
ln)iled for an hi u\\ 

An essential condition to success in this method is the use of 
a piopcr quantity of oxalic arid, which reagent is added to dis- 
solve a portion of tin* colour lake formed in tin* hath, since, like 
other textile lihies, the Rool can onls ahsorh d\es that are pre- 
sented in the dissolved state. 

If the dye-bath contain too little oxalic arid R will sijem quite 
turhid, owing to the gi cater part of tin* colour lake remaining 
undissolved ; consequently it» will not furnish a full hlaek. On 
the other hand, if the oxalic acid In* in excess, not only will the 
whole of the colour lake he dissolved, Imt its ahsoiption will he 
retarded. In such case the hath is quite pale, and naturaUs 
will not give a full hlaek. 

A good hlaek can also he obtained w ith this method hy com- 
bining logwood with an acid black, such dyings being naturally 
faster to milling than thos** from either of these dye-stulls 
singly. However, the single-hath logwood black has now been 
almost entiiely drisen out hy the acid-dyeing azo dye ’ u!Vs. 

The single-bajh method is also applicable to other dyeing ; 
thus, a good navy blue, can he produced in this manner with 
logwood, acid violet, and acid green, whilst logwood and cloth 
red give a fast brown. . ,, or this last purpose the single-bath 
method was first a]q>lied, by Odder, to replace santa I ; hut it 
has now gone out of use. 

Mention may also he made of a single-bath chiomc black, 
which is often d\ed on loose? wool amf yarn. The goods am 
first mordanted with 1J to 1 per cent, of bichromate and d per 
cent, of (80 per cent.) formic acid until the hath appears free from 
colour. It is then cooled down quickly to about fA) 1 C. and 
dyed for l.J hour after adding logwood. The baths exhaust 
well. 

A logwood dyeing still frequently practised is the so-called 
logwood blue, which is a handsome.colour, hut very fugitive to 

1 r, 
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light. It is produced by mordanting the goods with 8 per cent, 
of alum, ^ per cent, of copper sulphate, 1 per cent, of bichromate, 
4 per cent, of bitartrate, and 2 per cent, of oxalic acid, and then 
dyeing with logwood; the blue obtained by the use of alum 
alone would be too dull. 

The washing fastness of the logwood dyeings is good ; their 
fastness to light depends on the mordant used, copper and iron 
mordants giving fast colours, the other mordants fugitive shades. 
Iron black is very fast to light, hut chrome black and logwood 
blue are fugitive, though tin; chrome black becomes satis- 
factorily fast when produced by the aid of copper mordant. On 
the other hand, iron black is very sensitive to acid ; whilst 
chrome black is quite fast in this respect, dusts otf to a smaller 
extent, and leaves the wool softer, on which account it is pre- 
ferred to iron black for yarn-dyeing. 

Application of the Mordant Dyes to Silk. 

The mordant dyes are but rarely applied to silk ; in fact, only 
when fastness to soap is desired. As in wool dyeing, the chrome 
mordants are the chief ones used, alumina mordants being only 
resorted to for red and orange, and iron mordants for black. 

Of tin; mordant dyes that are suitable for silk, mention may 
be nuifde of the following: Alizarine yellow GO W, anthracene 
yfcllow, mordant yellow, diamond yellow, carba^ol yellow, gallo- 
flavine, cloth brown, diamond brown, alizarine orange, alizarine 
red (the wool marks), Kalle’s cloth scarlet, anthracene red, 
salicine red, Domingo chrome red, gaHeine, alizarine Bordeaux, 
chrome violet, alizarine blue, anthracene blue, brilliant alizarine 
cyanine 3 G, celestine blue, cccruleine, diamond green, alizarine 
cyanine green, alizarine viridine, alizarine black, diamond black, 
•etc. As a matter of fact, however, only a few are in general use, 
viz. alizarine red (e.y. the SX mark), alizarine orange, galleiue, 
and coeruleine. 

These dye-stuffs present many difficulties in dyeing silk, great 
.care being required to get equal distribution ; whilst the lustre 
.of the silk is easily dimmed, and finally it is very difficult to ob- 
tain the peculiar “ feel ” so valuable in silk fabrics. 

The modus operand i is as follows : A very rich bast-soap bath 
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is prepared of espial ‘parts of (weak) lust-soap solution and 
water, which is then neutmlised with acetic acid, for [Nile and 
medium shades, or made slightly acid for dark shades. The 
mordanted silk is then entered cold, worked al>out in the cold 
bath for twenty minutes or so, then raised to 90 W> 95 l\ in 
al>out au hour, and ko]>t at that temperature for an equal time. 
When soft water is used an addition of calcium acetate must ho 
made to the Ixith for alizarine red. 

After dyeing, the floods are rinsed, energetically soaped by 
tailing for a (piarter of ’an hour with ataut 2 parts of snap per 
1(XK), then rinsed again, and tinalk brightened with acetic or 
oxali*! acid (20 to 2 ) parts of (i lb acetic, acifl per 1(^00, luke- 
warm) for ten minutes. 

Logwood black plays a particularly impoitant part in silk- 
dyeing, and indeed, forms a special branch of this industry, 
quite distinct from colour dyeing. 

'Che black dyeing of silk is one of tint most difficult tasks i.he 
dyer has to perform. The art of tin* dyer consists in dyeing 
the silk and loading it to different degrees, in all imaginable 
shades of black, without impairing its lustre. The extent of the 
loading to be obtained is highly diveigent, tin* minimum being 
to parity I “»i/ j>an ”), />. tin- weight lost in scouring has to be 
made up again in loading; whilst the maximum loading attains 
400 per cent. .This latter degiee was formerly reached m die 
case of souple silk for umbiellas, but is now almost entirely dis- 
continued. The usual loading is about o0 to (>0 per cent., light, 
souple umbrella silks being increased to the extent of 20 to d0 
per cent., and heavy souples for tin* same purpose, by as much 
as 190 to 200 per cent. 

The requirements exacted of black silk in respect of shade, 
feel, and lustre are extremely* varied, and the method of dyeing 
has to bo modified in almost every case ; consequently, only the 
main outlines of the process can he sketched here. 

The silk for black dyeing is treated almost exclusively in the 
state of hanks. The dye used is generally a home-made pre- 
paration, a 0'1° B. decoction of logwood chips, the commercial 
extracts, which arc prepared from more highly concentrated de- 
coctions, containing yellow dye-stuffs, in addition to haunato- 
xylin, and being therefore unsuitable for the black dyeing of 
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Bilk : intact, the handsome blue-black known in France as 
“ noir bleu bleu M cannot be obtained by the use of commercial 
extracts. 

The silk is dyed in either the souple or fully scoured state. 
In the latter event, the modus operandi is as follows : The silk 
is first mordanted with Kouil mordant, as described in the 
chapter on mordants ; after which it is blued fey treatment in 
a bath containing potassium ferrocyanide and hydrochloric acid, 
whereby Berlin blue is developed on the fibre. In the next 
place the silk is entered into a hot bath*of catechu, to which is 
gradually added a certain quantity of tin salt, the proportion of 
this latter varying directly with the degree of loading required. 
Then follows a second bath of catechu, this time without tin, 
and this is succeeded by the actual dyeing with the aforesaid 
decoction of logwood in presence of soap. The linal operation 
is that of brightening, which consists of treating the silk in a 
bath containing emulsified olive oil and acetic acid or citric acid. 

This is a broad sketch of the process, which is performed in 
various modifications. 

Occasionally, to shade the dyeing, the silk is topped with 
fuchsine or methylene blue in a fresh bath. To obtain a blue 
tinge, iron pyrolignite must be used, the following treatment 
being interposed between the logwood bath and the brightening 
process : — 

A bath of iron pyrolignite; 

A cold, weak logwood bath ; 

A cold, weak catechu bath ; * 

A bath of soap and logwood. 

To obtain a still bluer black, the treatment with iron pyrolig- 
nite must be repeated after the second logwood bath. 

According to the type^of black required, various modifications 
are introduced into the several stages of the process ; thus, for 
example, a single mordanting and a single weak catechu bath 
without tin^re sufficient for light souples; whereas, for a rich 
black ( ll noir riche") the siljc must be entered five times in a 
strong mordant bath and two catechu baths, one of them con- 
taining tin. 

For light cheap black, the blueing with potassium ferrocyanide 
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is omitted, its place being taken by a bath of alkali blue, which, 
however, must be used before, and not after, the mordanting 
with iron. For the sake of cheapness, catechu may be replaced 
by chestnut extnict and divi-divi for heavy souples. Finally, 
also the brightening process is in many instant*^ omitted, 
especially wheq the souple is intended for moire, in which 
event a softening treatment is pursued. 

Some souples that are not required to be deep black aiy dyed, 
without logwood, by merely treating them witl^ alternate baths 
of an iron mordant and a tannin moidant. 

The particulars of dyeing two different styles of black on silk 
are given below. t 

l. Xoir Jiichr, with 50 ht l>() per cent, of Loading. 

1. The scoured silk is mordanted five times in a iiU it. hath 
of Houil mordant. 

2. Filtered cold in a hath of 20 per cent, potassium ferro- 
cyanide and 25 per cent, of hydrochloric acid, the latter added 
in two poitions. 

d. The silk is eiffe»ed in a hath containing 200 jmt cent, of 
catechu, at .s() and, when tin? bath has cooled down to (>5'" 
C. t an addition of 15 per cent, of tin salt is given, the ,ffk being 
left in the hath for live hours longer. , 

i. The silk is entered in a boiling-hot bath containing 100 per 
cent, of catechu, and is left therein overnight. 

5. Dyeing with a 01 B. decoction of logwood and 50 per 
cent, of soap. 

0. Dyeing with fuehsine in a bast- soap hath * jualified with 
acetic acid, at a temperature of 10 J C. 

7. To the foregoing hath to added, hH* brightening the silk, a 
mixture of 5 per cent, acetic acid and 4 per celit. of olive oil in 
the form of an emulsion. 

0 

2. Tramc Xoir Simple Per nan , with 150 to 100 per cent, of 

Loadin'). 

1. Treat with 5 per cent, of hydrochloric acid at 50\ Squeeze. 

2. Mordant twice in an 18° 13. bath of Houil mordant. 
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3. Tr#at in a cold hath containing 30 per cent, potassium 
ferrocyanide and 40 per cent, of hydrochloric acid ; wash. 

4. Enter in a decoction of logwood (density, 0*03° B.), at 
40° G. 

5. Enter in a hath of 500 per cent, of catechu, at 60° G. ; heat 
and add 10 per cent, of tin salt when the temperature reaches 
70° C., and an equal amount at 80° G. The entire, operation 
takes a day ; the goods are then washed with water at 40° C. 
and drained. 

(>. Treat for an hour in a hath of 100 per cent, of .soap, at 
60° G. ; drain and dry. 

7. Enter in th4 above catechu hath for one hour ; wash. 

8. Enter, at 50° G. f in a hath containing 75 per cent, of soap 
and a little methylene blue. 

9. Enter, at 40 u G., in a hath containing 3 per cent, of gelatine 
and 20 per cent, of acetic acid. 

10. Brighten with 4 per cent, of oil and 15 per cent, of acetic 
acid, at 40° G. 

A cheap black dyeing for umbrella silks and linings is obtained 
by mordanting with basic chromium chloride, fixing with water- 
glass and dyeing with logwood and soap, a little fustic extract 
being added. The fastness of the dye to light is improved by 
solidification. 

o 

Application of the Mordant Dyes to Cotton. 

Apart from Turkey-red and catechu* dyeings, the use of mor- 
dant dyes for cotton is now very small. In this branch, and 
especially in the dyeing of loose cotton, there still exist various 
irrational methods which have been handed down by tradition, 
and, having been based 'on the dyeing of wool, are really un- 
suitable for cotton. These dyeings are effected by the aid of 
dye-wood extracts, the cotton being boiled in dissolved mordants 
— alum, bi&iromate, copper sulphate, etc. — then left exposed 
to the air all night, and dyed next day in a hot bath. Single- 
bath dyeings, darkened by after-chroming are also still not in- 
frequently performed. Leaving these out of consideration for 
the present, there are really two methods in use for dyeing 
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cotton with mordant d)Vs. The chief of these consists in mou- 
danting the goods and then dyeing in a hath, which, with few 
exceptions, should he neutral. The goods should first Im» treated 
in the cold dye-bath for al>out a quarter of an hour, the tempera- 
ture being then raised, in about three-quarters of an Jiour, to (i0° 
to70 '(!., and there maintained for three-quarters of an hour, 
after which the 'goods are washed, and, in some eases, souped 
hot or warm. 

By this means a series of Bordeaux, garnets, browifs, and 
violets art* obtained wit!i alumina alone or aluiflina and iron as 
mordants, on piece-goods, the d\es used comprising alizarine, 
quercitron, redwood, ruhine (impute fuchsyie), and methyl 
violet, and being combined in pairs or threes not t*mplo\ed 
altogether. Thus brown shades are pi educed with alizarine, 
quercitron, and logwood, after mordanting with alumina and 
iron mordants, the colour being shaded, if necessary, with 
ruhine or methyl* violet. Strangely enough, the low fastness - t 
the two latter dyes is not manifested in these combinations. 

For the production of discharge effects on piece-goods and 
other fast dyeings chiome mordants (especially basic chromium 
chloride and the liochst (J.A. mordants) may he used, the dye 
mostly concerned being anthracene brown. 

A second method consists in treating the goods with a mor- 
dant after d\eing, cutoh dyeings bring performed in tliis 
manner. 

A third method for dyeing ('mainly piece) cottons with mor- 
dant dyes is that of Krhau and Specht, which; though originally 
designed for Turkey-red, is also applicable to the production of 
a w r hole series of lighter colours. It consists iif first padding 
the goods with an ammoniacul solution of dye, then drying, 
entering in a mordanting Solution, rS-drying, and afterwards 
effecting the combination of the dye and the nTordant by steam- 
ing. A similar method for chromium mordant dyeings was re- 
commended, at an earlier date, by M. Schiir. • 

Finally, the single-bath method can also bo adopted. Suitable 
mixtures of dye-stuff and mordant are well known under the 
names of “carmine dyes” or “ Jioehmc’s dye”. Methods of 
this kind, which are primarily intended for Turkey-red, have 
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been recommended frequently. They consist in preparing the 
cotton with Turkey-red oil and then dyeing it in a bath which 
contains the dye-stuff, together with the mordant in a special 
form. The Ilbchst Farhwerke recommend the use of sulphites 
. a mixture of aluminium sulphate and bisulphite Ger. Pat. 
12396N) whilst G. Knapstein (Ger. Pat. 127698 and HC54f>) 
advises employing lactic or tartaric mordant salts. ^ 

Turkey-red Dyeing. 

t 

• 

Py the name “Turkey-red” is understood a red dyeing 
effected on cottop by the aid of alizarine, alumina, lime, and 
fatty-acid compounds. For several hundred years this colour, 
thanks to its beauty and fastness, has played a part eomparablo 
to that of indigo in blue dyeing. It probably originated in 
India, and was brought from Turkey to Prance, where the 
method of performance was published by thf. Government in 
1705, and whence the process spread to other Kuropean 
countries. 

The, production of Turkey-red was at one time the monopoly 
of a few manufacturers, who kept their operations a profound 
secret. In more recent days, however, this industry, which 
previously remained without any important changes, has made 
rapid strides through the supercession of madder by artificial 
alizarine, and the introduction ol modern apparatus. The 
principal modification of all resulted from the introduction of 
Turkey-red oil, which has entirely replaced the older process 
for dyeing piece-goods, and to a great extent in dyeing yarns as 
well. The superiority of the new method over the old chiefly 
resides in its greater brevity, the production of the red now 
taking only as many days as formtHy weeks. 

A good deal has been written with regard to the formation 
and composition of the colour lake here in question, and con- 
siderable research work has also been carried on in this connec- 
tion. It was first discovered by Kosenstiehl that the formation 
of the lake from alizarine and alumina could not take place 
except in presence of lime. This was confirmed by Liechti and 
Suida, etc., it being also found that all Turkey-red dyeings con- 

fiiln limn 
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In this dyeing process the lime can he re]>l:iced 1^ hunt a, 
strontia or magnesia; but, contran to the views expressed hv 
G. Saget, the resulting colour lakes differ, not only in shade, hut 
also in fastness. The strontium lake comes nearest to that ob- 
tained with lime; and the poorest results an* thosv fmnished 
by magnesia. 

Hu* principal results of the* labours ot Liecbti and Suida may 
he briefly recapitulated. If a solution of aluminium sulphate 
be treated with a corresponding quantity of an ammomacal 
solution of alizarine, thele is toimed a dark red piecipilate, con- 
sisting of a combination of 1 molecule of alumina with .‘1 mole- 
cules of alizarine. • 

This “noimal aluminium alizarate " is reudil\ soluble in 
water; whilst the basic ali/arates. which contain a smaller pio- 
portion of alizarine,/*.;/. 1 , 2 or d molecules to ‘2 molecules of 
alumina, an; insoluble in water and alcohol. Alkaline solutions 
of the normal or basic alizarates can he mixed with Turkey -led 
oil or soap solution without undergoing decomposition ; hut, on 
the alkali being neutralised, red precipitates are thrown down. 

Liecbti and Suida also prepared the calcium compounds of 
alizarine. Normal calcium alizarate, CaO . ( , n ll,() 1 , is formed, 
as a blackish-violet precipitate, by the action of lime \*atcr on 
alizarine. The acid and basic ali/arates, which are sm?ilar in 
appearance, pas# o\ er into the condition of the iioi mal salt wlilm 
warmed, fiom winch it must lie concluded that the not null 
alizarate is also formed during d\eing. Mixed with Tin key-red 
oil, and steamed alter jttinting on cotton, this salt is decom- 
posed into alizarine, calcium sulphate, and the cor responding 
fatty acid compound of lime. Therefore, since the steaming of 
the dye in presence of Turkewed oil also occurs in the pioccss 
of Turkey-red dyeing, it cannot he assumed t hat calcium alizarate 
is present as such in Turke\-red. On the other hand, one is 
obliged to consider lime as an essential constituent of the colour 
lake, the latter being therefore assumed to he an # alumihium- 
calcium-alizarate. According to Liecbti and Suida, a “normal 
red ” has # the composition Al.,0, . CaO . (L' n II,()J }1 To produce 
this red upon the fibre the goods should he charged with 0CJ8 
grin, of alunyna (Alp a J, and he* dyed with 7 grins, of alizarine 
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(in the fprm of 20 per cent, paste) per metre of cloth. In com- 
parison with the above formula all the reds met with in practice 
exhibit an excess — generally considerable — of alumina, which, 
however, neither improves the beauty nor the fastness of the 
colour. 

The above formula for Turkey-red lake does not agree with 

the results of analysis. Thus, according to Rosenstiehl, the 

red lake contains 2 molecules of Al.,0., and 3 molecules of CaO 
• . - *’ 
to 3 molcutes of alizarine, whereas, according to Sansone, the 

composition is 1 molecule of each* of these constituents. 

These great differences seem to be quite explainable, however, 

when it is considered that this colour lake does not consist of a- 

f 

uniform crystalline substance. On the other hand, the* true 
composition of such a product cannot be determined by a single 
analysis, any more than purple of Cassius (to take only one 
instance) can, even although a Ilerzelius should undertake the 
task. The only way to arrive at the exact composition of.this 
colour lake is by the application of modern methods of investi- 
gation. 

The brownish colour of Turkey-red on dyeing is probably 
due to the presence of calcium alizarate. This is decomposed 
by steaming in presence of Turkey-red oil — which accounts in 
part for the brightening influence of this operation. The. part 
played by the fatty acids in Turkey-red dyeing has not yet 
been elucidated with certainty. It is known that fatty acids 
have a fixativo action on alumina, as on other mordants, by 
forming insoluble salts therewith. Whether, however, the fatty 
acid alumina compound combines with the alizarine, in the 
formation of Turkey-red, or whether the alizarine displaces the 
fatty acid in order to enter into direct combination with the 
alumina, is a question \Cbich has riot yet been decided. 

Since the Turkey-red lake always contains an excess of 
alumina and fatty acids, it may be justifiably assumed that a 
portion of flue fatty acids is contained, as an alumina soap, in 
the dye. This assumption i \\ so affords a plausible explanation 
of the difficulty experienced in damping yarns dyed with Turkey- 
red oil, and the hardness of such yarns. To some extent also 
the fatty acids probably remain, in the free state, mixed with 
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the colour lake and form a mechanical protecting envelope for 
the colour lake, thereby increasing its fastness and lustre. 

Tannic acid also plays a pan in Turkey-red dyeing. since 
without this acid it is impossible to produce a fast Turkey-red. 
Its chief action is to render the dye fast to chemicking* (chlorine), 
a matter of importance in the case of yarns that have to he 
woven witji unlJleached yarn, and then fully bleached in the 
piece. As in the case of tin* fatty acids, here also it must he 
assumed that the tannic acid first fixes tin* alumina ; whether, 
however, it is chemical !) 9 combined \s it h the Turkoy-ied lake or 
not is unknown. 

Finally, so far as tin* composition of the “Bid red ” is con- 
cerned, we must assume it to correspond m the mam with that 
of the “ new red M . Fatty acid compounds of tin* alkalis arc 
brought upon the fibre in large quantity, and are probably 
oxidised into oxv-iatty acid compounds Hence, in the sub- 
sequent mordanting with alum, there must be foimed the 
oxy-fatty acid compounds of alumina and alkali sulphate 
Moreover, old red contains a larger quantity of oxy-fatty acid 
compounds with alkali, as such, a circumstance explaining the 
greater fastness of this dye towards acids, as also the softness of 
the dyed yarns and the readiness with which tin v can la* 
moistened. • 

To produce this old red, the yarn is cleansed by steeping ft>r 
some time in water, followed by boiling in soda, almost without 
pressure, and washing. Next follows the characteristic feature 
of the process mordanting with oil. For this purpose tin; 
yarn is treated for about a minute with an emulsion of “ tour- 
uant oil M and soda or potash, by the aid of a mechanical ap- 
pliance imitative of hand-steeping, after which it is squeezed 
and dried. The first stage of drying consists^ in hanging the 
yarn on a series of wooden frames set up in a spacious court- 
yard ; and from these frames the yarn is transferred to tlie 
drying chambers, where it is left lor some time, /v/! overnight, 
exposed to a temperature of about A[) to C. This tempera- 
ture musj not he exceeded, and for this reason provision is 
made in large works for the automatic ringing of an electric 
bell when ai^ undue elevation of temperature occurs. When 
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dry, tha yarn must be perfectly cool before it is laid in heaps, 
otherwise it may be weakened as a consequence of over-heating. 

This process of impregnation with oil and alkali is repeated 
three to five times. The more often the oil bath is used, 
tho richer it becomes in glycerine, and therefore there must be 
dissociation of the oil. This probably occurs ^uring the drying 
of the oil goods, whereupon the resulting fatty acids ^re oxidised 
to oxy-fatty acids, which fix themselves in an insoluble form on 
the fibre. Thq unmodified fat is finally washed out by treating 
the fibre with lukewarm water and aMittle soda, the resulting 
solution of soap being afterwards used as a brightening bath. 

After oiling domes the sumach treatment, the yarn being 
steeped for several hours in a warm decoction of sumach leaves 
(12 to 13 per cent.) ; this is followed by squeezing and aluming, 
without any intermediate washing. The alum bath consists of 
a fairly strong (about 12 per cent.) solution of iron-free alum, 
neutralised as nearly as possible with soda. The yam is 
stretched on rods and immersed in the warm liquor. The 
rods carry toothed wheels on their extremities, which wheels, 
by engaging one in another, set tho rods in rotary motion, and 
thus enable the yarn to be reeled in the mordant liquor. When 
properly impregnated in this way, the yarn is left at rest in the 
liquor" for several hours, after which it is washed, preferably 
With hard water (to neutralise tho sulphuric acid in the bath), 
and is then ready for dyeing. 

In Java the following method is pursued : The fabric is im- 
pregnated, four times a day, with *fn emulsion of castor oil, 
earth-nut oil.and ashes, and is hung out in the sun after each 
soaking. This treatment is continued until the oil bath is ex- 
hausted, the fabric being then left for five days in wood-ash lye, 
and then washed. According to Driessen, fabrics treated in 
this way contain far more oil than those oiled by the other 
method described above. Mordanting is effected in this case 
by treating* the fabric with certain leaves and barks, which — 
as Driessen was able to cob firm — contain an alum salt. 

Dyeing is performed in wooden vats containing alizarine 
(mostly with blue tinge), a little sumach, and ox blood; and, 
in the event of the water being soft, a little calcium acetate must 



be added as well. The tannic acid and yellow pigmentary 
matter of the sumach are absorbed first by the fibre, and help 
to ensure regularity of dyeing. The addition of ox blood to the 
bath assists in clarifying the colour, the impurities lk*ing en- 
veloped by the coagulating albumin of tin 1 blood, and thus kept, 
from absorption by the fibre. 

The yari^, stretched on frames, is immersed in the cold hath, 
which is then raised to 100° C\ in three-quarters of an hour, the 
goods being well worked the while. They are then lifted, tied 
together, and immersed tn the hath once more, where the\ are 
boiled lor a further three-quarters of an hour, in order to fix 
the dye completely. 

To brighten the colour the goods, after dyeing, are first boiled 
w r ith soda in large vessels, under a pressure of about a quarter 
of an atmosphere, to remove all impurities. This is followed 
by a similar boiling with soap; though sometimes the >am is 
passed through a cold solution of the salt before boiling with 
soap, this treatment giving a brighter red. It is assumed that 
the tin is contained in the form of tin oleate in the fibre. Fin- 
ally, the goods are well washed. 

With the single exception of cost, this old red is superior in 
all its properties to the new red described below. The -atio of 
cost is as five to three. The fastness to acid and chlorine is 
greater than that of new red, and the yarn is also far softer. 
Yarns may also he dyed pink by the old red process. 

The chief idle played by the new red process is in the dyeing 
of piece-goods. 1 The operations in this new method, which owes 
its origin to the discovery of Turkey- mi oil, are as follows: pad- 
ding with the mordant, oxidising, dyeing, dunging, oiling, steam- 
ing, soaping, and washing. The first operations, which arc 
performed in order to fix the alumina on the fibre, have ulieody 
been described in the chapter on mordants, and will therefore 

1 According to Hummel, cottons are also dyed Turkey-rod bj the Sterner 
process, which consists in padding them in a hot oil bath, followed by quick 
drying at sharp heat, then padding with soda solution and drying as bcfnrci 
these two operations being repeated some seven times. The goods arc next 
passed through soda and water, washed, dried, mordanted, dyed and 
brightened. 
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be taken as known. The dyeing is effected in the hank, the 
usual adjuncts to the hath being sumach, bran, size, Turkey- 
red oil, and, in the case of soft water, calcium acetate. So far 
as the size is concerned, this adjunct is only employed as a 
resist, i.e.io protect from the dye those parts of the printed 
surface that are to finally appear white. The Turkey-red oil, 
having no particular influence on the colour, may # be omitted 
with advantage, though still used in some works. The bran 
has a cleansing action on the colour lake, and the sumach plays 
the same favourable part here as in t*ne old red process, both 
as regards the lixingof the alumina and the uniform absorption 
*of the ajizarine*; however, as it stains the material yellow, it 
must be replaced by tannin when the production of a blue-tinged 
red is in question. Some also add tin preparations (e.<j. tin 
hydroxide; paste) to the dye-bath which brighten the red and 
gives it a yellower tinge. Finally, so far as the alizarine itself 
is concerned, the marks mostly in use are those largely consist- 
ing of anthrapurpurine. The selection of the particular mark 
of alizarine to produce a given shade is facilitated by making 
small trial dyeings with .so-called “garancin strips,” m?. strips 
of cotton fabric printed with alumina and iron mordants (these 
are obtainable from, inter alia , Koechlin Fibres, Miilhausen). 
The amount of alizarine required depends on the thickness of 
the cloth and the depth of red to be produced; from 8J to 8^ 
grins, of 20 per cent, alizarine being taken per yard of 30-inch 
material. Bran and sumach are used in equal parts — each 
one-half of the quantity of alizarine tfm ployed. 

Greater cijre is needed in dyeing than with the old red pro- 
cess. The pieces are entered in the cold bath for half an hour, 
and the bath then heated very slowly to 60° C., whereupon the 
steam is shut off and the dyeing proceeds in the cooling bath, 
so that the operation takes two to two and a half hours alto- 
gether ; then follow washing and drying at a moderate warmth. 
Overheating should be avoided, as it will affect the subsequent 
brightening of the colour \y:ith Turkey-red oil. 

In consequence (probably) of the presence of fre t e calcium 
alizarate in the colour lake, the goods have a dirty brown look 
at this stage. Next follows padding with Turkey-red oil solu- 
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tion, the stronger the better for the l>eauty of the colon*, though 
this oil imparts a yellow tinge, which must he l>orne in mind 
when a bluish cast of red is desired. To give one example of 
quantities, 100 parts, by weight, of Turkewed oil (00 per cent.) 
are taken per 1000 parts ol water. For led that is 4o be after- 
wards discharged a smaller pioportion ot oil is taken, in order 
to facilitate discharging. After oiling the goods an* dried and 
then steamed, it being noted that the red comes out hughter 
when the stuff is introduced in a slightlv dam^ condition into 
the steaming chamber. * 

Steaming is performed for two to two and a half hours under 
a pressure of about two atmospheirs, ami Vxeicisrs a very 
beneficial effect on tin* brightness ot the colour. It is succeeded 
by the equally impoitant opeiation of soaping, which lenders 
the colour purer and more vivid, the process being effected at 
boiling-heat for one and a half to two hours, with about halt a 
pound of Marseilles soap per sixty-vuds piece ol cloth. To im- 
prove the brilliance of the colour and give it ayllow cast a little 
sodium stannate is added to the soap hath, the same pi need lire 
being adopted when the shade comes out too full. 

As an appendix to the foiegoing description it must he added 
that the oiling piocess depends on the tinge bluish oi yllow- 
ish — to he developed m the reel. In tin* foimer event it* slight 
oiling is given, jins taking place after dyeing; whmeas in the* 
ether case a twofold oiling is applied one hefoic mordanting, 
the other after dying. For the lust oiling, a strong solution— 
e.tj. 25 parts, by weight, <ff Turkcv-rrd oil per 100 of water is 
used, the goods being padded with this and then dried; then 
mordanted as usual, fixed, dyed, and padded again, this time 
with a weaker solution — ivy. b per cent, of Turkey-red oil. If 
oil has been brought on the fifir e before ctyeing, this latter opera- 
tion can at once he proceeded with, and at a higher temperature 
than that already given. In this event the reaction that, in 
ordinary circumstances, goes on in the steaming chamber is in 
part completed in the dye-bath. % 

Of late^ a very considerable improvement has been made in 
this new red process by abbreviating the cumbrous operation of 
mordanting. # This improvement was based on the fact, already 
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utilised in the old red method, that cotton containing a large 
proportion of oil can he mordanted with alumina by simple im- 
mersion in a solution of basic alum. The modus operandi is 
as follows : The goods are padded with a strong solution (20 
per cent.) i of Turkey-red oil, then dried in the hot flue, immersed 
for some time in a dO per cent, solution of basic alum, squeezed, 
and left piled in heaps, or rolled up tightly. The manner of 
treating the mordanted cotton depends on the degree of basicity 
(by the addition of salts) of the alum solution used in mordant- 
ing. If this basicity was low, washing should be proceeded by 
treatment in a warm chalk bath; if high, the goods are simply 
washed jn the Cylinder machine, preferably with hard water. 

All the subsequent operations are performed as before. Yarns 
are also dyed new red in this manner. 

The method of Schlieper and Itaum effects the dyeing of 
Turkey-red in a very peculiar manner. The goods are first 
mordanted with sodium aluminate, and then treated several 
times over with chalk, in order to convert the sodium aluminate 
into calcium aluminate on the fibre. The dyeing is performed 
by passing the material through a boiling-hot solution of alizarine 
in lime water, in three to four minutes. After dyeing, the goods 
are padded with “acid soap,” dried, steamed, and soaped. 

Although the red obtained by this method is cheaper than 
that from the ordinary process, the method itself has not met 
with any extensive application, probably because some of the 
details of the manufacture are known only in the inventor’s 
own factory. * 

This applies equally to the Kornfeld Turkey-red process, in 
which the lime necessary for the production for the red lake is 
added in the form of calcium saccharate, inasmuch as the pro- 
cess, which enables cotton yarns to be dyed in the cop, is only 
practised at the inventor’s works at Prague. 

Mention should also be made of the Krban-Specht process, 
which is specially adapted for the production of pink. The 
details of the process are given in the prospectus issued by the 
Hochst Farbwerke. 

t 

Colours In Competition with Turkey-Red.— Until lately 
alizarine was without a rival as a red dye for cojton, merely a 



DYEING. 


‘•41 

few, quite fugitive, yarn dyeings having been performed with 
croceine scarlet. However, since tin* discovery of (\mgo-red 
and benzopurpurine, large quant it ies of cotton have been d\ed 
with these in (fugitive) imitation of Tin kev red. 

The most dangerous competitor of the last-named dye is 
nitritniline red, which lias largely displaced alizarine in the 
dyeing of pjece-goods, mainly b\ leason of its gieatei cheapness, 
the ratio of the cost of production of the two dyings Jieing 
about 4 : 1. Moreover, mtraniline red has the advantage of dye- 
ing the goods through better than its rival, which remains more 
on the surface, so that materials d\ed with ahzaiine red are 
unsuitable for raising. On tin* other hand, niPramline red has 
some very grave drawbacks, the colour being too crude and 
glaring, as well as less fast to light and the influence of weather 
than alizarine red, especially when produced without the* aid of 
antimony. In addition its covering power is low, on which 
account the goods require to be well bleached beforehand, where- 
as Turkey-red will satisfactorily mask even a yellow cotton. 

Dyeing with Catechu. 

Thanks to its great fastness, this natuial dye-stuff still plays 
a very important part in cotton-dyeing, and would he even tnore 
largely used, especially in calico-printing, if it could he dis- 
charged. According to S. I.atkiewiez, however, catechu dye- 
ings which have been produced without the aid of iron can he 
discharged with ferrocyanide and chlorate. It also deserves 
remembrance in wool-dy' ing, at least in such cases where 
great fastness to light is in question. # 

Nevertheless, of late years, it has been largely displaced by 
the sulphur dye-stuffs, which, unlike catechu, do not harden 
the fibre. On account of thifi hardening tendency catechu is 
no longer used for dyeing loose cotton. 

The catechu process is based partly on oxidation and partly on 
the formation of a lake. According to Von Cochenhafiseri, cate- 
chin has no tinctorial properties, thesjs being possessed solely by 
catechutannic acid, which is present to some extent in catechu, 
and is in part formed from catechin during the dyeing process 
itself. For this ieason, prepared catechus, obtained bv heating 

l(i 
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to about ,130° C. (with or without addition*) are better dyes than 
the original catechu. This seems to coincide with the fact that 
a material impregnated with catechu solution comes out a 
much darker shade when steamed before mordanting. 

Light catechu shades are produced on yarns in the following 
manner : The goods are dyed for a half to one hour at 60° C. 
with yellow or brown catechu, or a mixture of both, and an 
addition of about 2 per cent, of copper sulphate. They are 
then treated for about twenty minutes in a bath of potassium 
bichromate or iron pyrolignite- - the former applied warm, the 
latter cold. Developing with chrome gives reddish-brown 
shades, iron-greenish tones, intermediate shades being obtained 
by mixing the developers. 

Yellow r shades are produced by adding fustic and alum to 
the dye-bath ; for duller and more greyish tones the foregoing 
adjunct is replaced by logwood without alum. 

Dark catechu dyeings are always produced by the aid o& dye- 
wood extracts (logwood, fustic, redwood). 

In dyeing loose cotton and yarn, the mud ns ope rand i is as 
follows: The goods are .boiled for about an hour and a half in 
the dye-bath, containing catechu and copper sulphate, eventu- 
ally also logwood or fustic extract, and then lifted and left ex- 
posed to the air. On the following day they are treated in a 
hot bath of potassium bichromate, and afterwa rds in a hot bath 
containing varying quantities of different dye-wood extracts, 
according to the shade required. This final dye-bath occa- 
sionally receives an addition of alum, or also tin salt for reddish 
tones. 

Piece-goods are first padded with a weak acetic acid solution 
of catechu, and dried, then passed through a hot solution of 
potassium bichromate, partially neutralised with soda, rolled 
.up, and left alone for some time. In the case of dark shades, 
the pieces are passed a second time through the chrome bath 
and left rolled up for several hours. Yellower tones are ob- 
tained by adding alum to the chrome bath ; still yellower shades 
rby adding alum and fustic extract ; w r hilst, for very dark shades, 
jm addition of logw'ood extract is given. 

Catechu dyeings are frequently shaded by the aid of basic 
dyes, applied in a fresh bath in association with alum. 
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Black- Dyeing Cotton with Logwood. 

The employment of logwood in the black-dyeing of cotton 
has suffered considerably from the competition of aniline black 
and various substantive dyes. Its chief use nowadays is for 
greys on linings. 

The first black on cotton was produced with sumach and 
iron mordants, the colour, however, being only a dark grey. 
At present there are two chief methods of dyeing cotton* black 
with logwood. The first of these, which is nftiinly employed 
for loose cotton and yarn, consists in producing a colour lake 
from logwood, tannic acid, and salts of iron and copper, in 
various ways. * 

The most rational of these is the following : The cotton is 
first left overnight immersed in a decoction of 40 per cent, of 
sumach ; it is then squeezed and treated for half an hour in 
a cojd solution Of iron pyrol ignite (of about 4° B. density), 
followed by passing it through very dilute lime-water, and 
thoroughly washing. By this means iron tannate is produced 
on the fibre; the lime treatment serves to neutralise the acid. 
The iron pyrolignite may be replaced by “iron nitrate” or 
ferrous sulphate, a little levigated chalk being added to the. bath 
in the latter case. A handsomer black is obtained by the use 
of alumina mordants — a little aluminium pyrolignite, for ex- 
ample, being arftled to the iron bath. 

The cotton thus prepared is next dyed with logwood, some- 
times in presence of a little fustic, by entering in the cold hath, 
which is then slowly raised to boiling. To increase the fastness 
of the black, the stuff may afterwards be treated in a hath of 
bichromate part per 1000, at (>0 J 0.) or iron nitrate. Some- 
times the shade is darkened in the dyithath itself by an addi- 
tion of copper sulphate. • 

Finally, the cotton is soaped, a treatment that makes the tone 
of the black more agreeable. • 

The numerous variations of this method have been described 
by Ed. Weiler (Lehne’s Farber Zeituny , 1889-90, p. 137). 

The following method is generally employed for the produc- 
tion of mourning goods in piece dyeing : The stuff is padded 
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with a mordant solution consisting of 3 parts of iron pyrolignite 
(6° B.J'and 7 parts of aluminium pyrolignite (7° B.), then fixed 
and dyed in a bath containing, in addition to the necessary 
quantity of logwood and a little quercitron, 2^ oz. of borax, 1 \ 
lb. of sumach, and 5.J to 64 lb. of cow dung, per 22 gals, of bath 
liquor. For the first quarter of an hour the tyath is cold, after 
which time it is heated so as to bring the temperature up to 
80° to 90° C. in about an hour. After dyeing, the goods are 
washed, treated with bran, and washed again. The bran bath 
is prepared by boiling bran — packed "in close bags — in water, 
in the proportion of one part, by weight, to 100 parts of water, 
the cotton being then treated in this hot liquor for twenty 
minutes. At present this black is dyed with aniline black by 
the Prudhomme process. 

5. Application of the Sulphur , Dyes. 

The sulphur dyes are used in strongly alkaline baths and are 
therefore adapted only for cotton. For this purpose, however, 
they have very largely displaced the substantive dyes of late 
years, because their dyeings are very fast to washing, and for 
the most part also faster to light than the substantive dyos. 

Both the sulphur dyes and the sodium sulphide used in the 
dyeing process should bo stored in a dry, cool room and be 
well covered up. They must not be allowed to come in con- 
tact with copper or brass, though iron and lead have no in- 
jurious effect. # 

Dissolving is effected in wooden vessels, the dye-stuff being 
first mixed with its own weight of sodium sulphide (or 2 to 3 
times that weight in the case of the “extra” marks of dyes) 
and then treated with Lot water uvitil a clear solution is obtained. 

As a rule, sodium sulphide, carbonate of soda and salt 
(Glauber salt) are the only additions to the bath, and in fact most 
of these dyes can be used without the first-named if a strongly 
alkaline bath be used. In exceptional cases caustic soda is 
added to facilitate solution ; whilst Turkey-red oil assists the 
penetration of the dye, or dextrin may be employed lor black. 

The bath should be fairly strong ; about 1 : 10 for loose 
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coiioa ana 1 : 15 for yarns ; though, of course, weaker baths 
are used for light shades. • 

The quantity of dye-stuff used amounts to 10 to 20 per cent., 
or more, for dark shades. The amount of sodium sulphide 
added is usually constant, but in any case enough must be 
taken to give a clear liquor. 

Dyes thjt do not equalise well require an extra quantity of 
sodium sulphide to check uneven dyeing, and the same applies 
to the dyeing of light shades. From 50 to 100 per cent, of 
common salt is added to ensure more complete extraction of 
the dye — but for light shades, only ^ to l the above quantity is 
needed. • 

In preparing the dye-bath, the requisite amount of water 
is boiled, with addition of 5 to 10 per cent, of carbonate of 
soda, and then the sodium sulphide, dye-stuff solution and other 
additions are introduced. The baths being strongly alkaline, 
care*should be taken not to immerse the hands in the liquor 
unless protected by rubber gloves. 

Dyeing is conducted as follows: The goods are entered into 
the boiling hath, and are left in for i^>out an hour- -more for 
dark shades and less for light —while the hath cools slowly. 
At first, the goods should he turned about every live lo ten 
minutes, and at longer intervals afterwards. It is immaterial 
whether cottony are exposed to the air or not, for any stains 
that might be formed by oxidation would disappear during the 
further course of the operation. Nevertheless, it is desir- 
able to prevent the forma. ion of stained patches, which can be 
done in the case of yarns by dyeing on bent gas piping, and in 
the case of piece-goods by using a submerged jigger. In view 
of the tendency of most sulphur dyes to stain in patches, it is 
most important to ensure uniform squeezing immediately after 
dyeing, a pair of squeezing rollers being, consequently, mounted 
on the dye-vat. Most sulphur dyes also require washing 
directly after squeezing; and since the rinsings become en- 
riched with sodium sulphide and, dye-stuff, they can, after 
repeated juse, be employed for dissolving the latter. Spotty 
dyeings can he treated in the lukewarm rinsing liquor, a 
little sulphide being added if required, and, after a short time, 
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the spot* will mostly disappear. In this way, too, unsuccessful 
dyeing6 may be put right. 

The foregoing is the ordinary way of using the sulphur dyes. 
Some of them can also be dyed in the cold, e.ij. katigene- 
indigo B extra, and katigene dark blue R extra ; in some cases, 
such as immedial pure blue, a dyeing temperature of 20° to 30° 
C. (68° to 86° F.) is preferable to boiling-heat. Certajn of these 
dyes ( e.g . immedial blues C and GR) require to be oxidised in 
order to exert their tinctorial properties fully. In such cases 
the cottons are not rinsed after squeezing, but are either ex- 
posed to the air or else placed in a vat (lined with packing 
cloth) and treated for about three-quarters of an hour with 
steam, charged with air by attaching an air injector to the 
steam pipe. This treatment is followed by washing. 

Spent baths can be used over again, the amount of additions 
they contain being roughly estimated by a hydrometer. Baths 
for black have a density of about 6° to 7° B. ; other ‘dark 
colours about 3° B. 

Iron baths should be rinsed out with a solution of carbonate 
of soda, to prevent rusting. 

Tinned centrifuges are best for draining the dyed goods. 

After-treatment . — Whenever possible, dyeings made with 
sulphur dyes should not be shaded, because the basic dye-stuffs 
dfaw too rapidly and therefore give patchy results, though this 
can be avoided by using small quantities of such dye-stuffs in 
the soap-bath. The substantive dyes, which naturally come to 
mind in this connection, cannot, iii this case, be used for 
shading in tjie dye-bath itself, since most of them are decom- 
posed by sodium sulphide. The most resistant in this respect 
are the dye-stuffs of the chloramine yellow group. Topping 
with substantive dyes in a fresh bath is inadvisable for several 
reasons. The best dyes for shading are such mordant dyes as 
equalise readily ; but these can only be used in such dyeings as 
have been subsequently treated with mordanting salts. 

For economic reasons, the after-treatment of sulphur dyeings 
with metallic salts is rarely practised. A few of these dyeings 
— greens, for example — are even changed unfavourably there- 
by, becoming bluer and duller. For others, however, such as 
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melanogen blue and most of the sulphur dyes, such after-treat- 
ment is indispensable for obtaining* that will stand •storing 
and washing. Various metallic salts are used for this purpose ; 
for example, a mixture of 1-J to 2 per cent, each of bichromate 
of potash and copper sulphate, 1 to which is added a little acetic 
acid. Either of these salts may also he used alone. Vhe hath 
liquor shop Id have a temperature of 50° to 90" C . (122° to 194" 
F.) ; hut it must he borne in mind that many dyeings are 
spoiled by the hath being too hot. In special cases, alum, 
chrome alum, and salts of zinc, cadmium, etc., can also he used 
for this after-treatment; hut as already stated, after-treatment 
should always he avoided wherever it is possihl 1 to do so. 

Dyed yarns may he brightened and softened by treatment in 
a boiling hath of starch and lard, or oil and soap, with addition 
of a little sodium acetate, and then unwound and dried. 

Cldoring destroys most dyeings with sulphur dyes. 

Mercerised Cotton must he carefully dyed, because of its 
unusual high affinity for dye-stuffs and consequent pi-oneness 
to irregular dyeing. It is therefore dyed in very dilute baths, 
with a larger proportion of sodium sulphide and less salt than 
ordinarily. 

Silk also dyes well with sulphur dyes, and the dyeings will 
stand washing. Sodium sulphide, glucose, Turkey-red oil, and 
Glauber salt ar# used in the preparation of the hath. • 

6. Application of the Vat Dyes. 

The vat dyes are insoluble in water, and therefore cannot he 
used directly for dyeing. On the other hand, thfcir leuco-com- 
pounds are soluble, have a very decided affinity for the fibre, 
and are also gifted with the property of i>eing readily reconverted 
into the dyes themselves under the influence af weak oxidising 
agents. Consequently, in order to dye with these dye-stuffs, all 
that is necessary is to impregnate the fibre with the^educed dye 
in solution, and then expose it to the air. The fibre absorbs the 
leuco-compound of the dye-stuff, wffiich is then reconverted by 

1 The goods must first be well rinsed in order to prevent precipitation 
of the copper by sodium sulphide. 
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the atmpspheric oxygen into the corresponding insoluble dye, 
the latter being precipitated firmly in and upon the fibre. 

This method has been practised from time immemorial with 
indigo, and plays a highly important part, inasmuch as indigo 
has been, and still is, the chief vat dye-stuff known. 

Until recently, indophenol blue was the only member of this 
group, except indigo ; but at present a whole series of valuable 
new dye-stuffs of this class are available, from the anthra- 
quinohe group, such as indanthrene, flavanthrene, etc., as well 
as thio-iruligo red. The following description is Confined to the 
method of dyeing with indigo, the instructions for the others 
being supplied by the makers in their prospectuses, etc. : — 

“ Vat 'dyeing,” or “blue dyeing,” is the term usually applied 
to dyeing with indigo, since, with the exception of the com- 
paratively unimportant indigophenol, no other dye is applied 
in this manner, nor can indigo itself be fixed on the fibre in any 
other way. 

The term “vat” applies to the vessel employed for dissolving 
the indigo, and also to the solution itself. This latter is pre- 
pared by the aid of various reducing agents, which, however, 
can only be used in presence of an alkali, the resulting indigo 
white being insoluble except in alkalis. 

The vats may he divided into warm and cold, or fermenting 
and non-fermenting, vats. To the fermenting vats belong the 
woad, soda, potash, and urine vats ; they are warm vats and 
are employed exclusively for wool . 1 The non-fermenting vats 
comprise the zinc or preparing vat, {he vitriol vat, the hydro- 
sulphite vat, and the indigo-indigophenol vat. The first two of 
these are cold vats, and are therefore used solely for vegetable 
fibres ; the others are warm vats, and can hd applied to the 
dyeing of both vegetable and animal fibres. 

Whichever va’u he employed, the first task is essentially the 
careful comminution of the indigo, since it is only when this 
substance io in a fine state of division that it can be brought 
into solution by reducing agents. For this purpose the indigo 
is mixed into paste with water and alkali, and ground for some 

•In the Orient theso vats are still used for dyeing cotton and wool in 
tlio yarn, but not elsewhere. 
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considerable time in an* indigo mill, of which there aly numer- 
ous types. Of course, when “pure indigo,” “ indigo «M LB " 
(in paste) or “indigo MLB, vat” (a highly reducing mark) are 
used, this grinding is superfluous. 

The most important of the fermentation vats is the woad or 
“bastard” vat, so called because of the addition of ‘soda now 
practised. It plays a principal part in the dyeing of wool, and 
is used solely for this purpose, the warm vats as a whole being 
ill adapted for dyeing vegetable fibres, whilst the application of 
indigo to silk dyeing har now been abandoned. • 

The fermenting materials used in the preparation of the woad 
vat are woad, madder, bran, and syrup, the vvoad playing the 
chief part in the mixture. The addition of madder i'-fin so far 
favourable that, apart from its fermentative action, this sub- 
stance takes part in the dyeing process by virtue of its tinctorial 
character, a valuable consideration when dark shades arc in 
question. The Bran acts as an instigator of fermentation, and, 
in addition, imparts to the bath liquor a certain degree of vis- 
cidity favourable to the suspension of the indigo that is to be 
dissolved therein. However, since the presence of a large 
quantity of bran would tend to choke the vat, a portion of this 
substance is replaced by syrup. 

The alkaline adjuncts to this vat are lime and soda. They 
serve to neutralise the acidity engendered by the fermentation, 
and to maintain the liquor in the state of alkalinity essential 
for bringing the indigo white into solution. In addition, they 
retard fermentation, aruHherefore afford a means of regulating 
the progress of this operation. 

The woad vats are usually round in shape, measuring about 
eighty inches across and eight feet in depth, and are set about 

two-thirds in the ground; •for yarn-eyeing they are mostly 

» 

square. # 

The vats are started by powdering the woad, mixing it into 
a paste with boiling water and leaving to stand foi'soine time, 
after which it is introduced into the vat, tilled with water, the 
madder, bran, lime, soda, and ground indigo being then added. 
The proportions employed are — woad, 220 to 230 lb.; indigo, 
11 lb. /madder, 33 lb. ; bran, 33 lb. ; lime, 41 lb. ; soda, 22 lb. 
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The vat is now heated to 100° C., stirred up well, and covered 
up, afte y the fire has been drawn, in order to keep warm as 
Ion# as possible— an essential condition for the inception of 
fermentation. After standing twenty-four hours the vat is un- 
covered to see whether fermentation has begun, which will be 
the case if the liquor “ works,” i.e. throws up a number of small 
bubbles; whilst the initially blue colour of the liquid has now 
become a yellowish-green, a blue scum floats on the surface, 
and the smell has changed. Should these indications be absent 
the vat is covered up again and left Co itself for some time 
longer before being reinspected. As a rule, the woad vat will 
have begun to ferment in two to three days, though the actual 
time nut) 1 vary according to the time of year. 

When fermentation has commenced, the vat is limed by- 
adding finely sifted slaked lime at intervals of tw r o to three 
hours, stirring the contents up well after each addition. By 
this means the acidity produced during the fermentation is 
neutralised, and the fermentation restrained at the same stage 
for some times in order to bring the whole of the indigo into 
solution. The newly started vat cannot be used for dyeing 
immediately, because at this stage the fermentation and the 
solution of the indigo are only just begun; in fact, the vat is 
not lit for use until it has been limed several times and a large* 
proportion of the indigo has been brought into solution. The 
vat in this stage exhibits the following characteristic indica- 
tions ; The vat liquor is olive-green in colour, and carries on 
its surface a layer of copper-blue scum the “bloom,” .}to 1 inch 
deep; the Hindi is peculiar and faintly ammoniacal ; and, where 
the separated scum has left the surface visible, a number of 
blue “veins” appear. When the vat has arrived at this stage, 
it must be used at otuib for dyeftig, and not left any longer, 
otherwise the fermentation will proceed at the expense of the 
indigo. The woad vat can be kept in use for several months 
in succession, provided it be maintained in good condition in 
the following manner, the process, however, being one of the 
most difficult tasks the dyer has to perform : After dyeing a 
whole day, the vat is reinforced in the evening by the addition 
of a certain quantity of madder, syrup, and lime, then heated. 
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well stiried up, and left covered up all night for use the follow- 
ing day. In order to replace the loss of indigo sustained in 
dyeing, an addition of this dye-stuff must also he made at in- 
toivals, every day or second day. 

The two extremes to he avoided are excessive fermentation 
owing to an insufficiency of lime, and a cessation of fermenta- 
tion through an excess of that adjunct. The former condition, 
known as mildness, because of the sweetish odour evoked, can 
he remedied by adding lime at intervals until the smell and 
appearance resume their normal condition. If, on the other 
hand, the vat contain too much lime, it is considered to he 
sharp, and will smell strongly of ammonia, ifl which ,e\ent the 
excess of lime must he* neutralised by a gradual addition of acid, 
the fermentation being restarted by the aid of bran. I nless 
excessive fermentation he checked in time by adding lime, the 
colour will he wasted ; and the final condition of a sharp vat is 
blackening. In either event, it is often impossible to remedy 
the defect, and the liquor has to he run to waste. This can, 
however, he avoided by careful supervision; the d\er must he 
able at any time to tell, from th* appearance, smell, and 
behaviour during dyeing, whether the vat needs an addition of 
lime or a ferment. 

Vat-(lyeing is performed at a medium temperature (about 
50" (!.), and in.this case, more than any other method ol dye- 
ing, great care is necessary to see that the goods are thoroughly 
damped beforehand. The scum must be removed before enter- 
ing the goods. Loose w*.jo1 is invariably dyed in circular vats, 
the wool being enclosed in a net, completely imjnersed in the 
vat liquor, and worked about therein by means of sticks. After 
about an hour it is lifted atid well squeezed to express the 
excess of liquor. At this stage the cotour is green and has to 
be developed into blue by oxidation, for which purpose thenvool 
is thrown in a heap on the floor and shovelled overdo as to ex- 
pose all parts to the air. If the vat is in good condition the 
lifted wool will have a yellowish-gn;en shade, which afterwards 
turns daj'k green before arriving at the blue stage, the latter 
being attained gradually. If the change occurs too quickly, the 
vat is too sharp ; and converse behaviour indicates excessive 
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mildness^ the condition of the bath being thus determinable by 
dyeing a small sample and observing its behaviour after lifting. 
Occasionally such parts of the wool as have not come in con- 
tact with the air remain quite white. The development of the 
blue will be complete in about a quarter of an hour, whereupon 

the wool can be re-entered in the vat if a darker shade is re- 

* 

quired. , 

To produce a bright light blue, a fairly fresh vat is essential, 
and this must contain less lime, and consequently more soda, 
than usual. However, the vat should hot bo quite fresh, since 
the first parcel dyed in the vat is always dull and muddy in 
colour, in consequence of the dun-coloured pigments of the 
madder aVd the woad. Finally, this vat must be rather weak 
in indigo. 

To match a dark blue exactly to pattern, the goods must first 
be blued in a strong vat until the desired shade is nearly at- 
tained, and then finished in a weak vat. 

Yarns are suspended on smooth sticks, then immersed in the 
vat liquor, and kept well worked about therein, after which they 
are lifted, squeezed, and lqft to blue. 

For piece dyeing, the vat is fitted with an attachment which 
enables the goods to be kept in motion all the time and below 
the surface of the liquor. At the end of one to two hours, ac- 
cording to the strength of the vat and the depth, of colour to be 
produced, the pieces are unwound and the superfluous liquor 
squeezed out between rollers. To develop the colour the pieces 
are alternately folded and opened out, and are finally washed. 
This must be done very carefully in indigo dyeing, fuller’s-earth 
being used with piece-goods. Vatted pieces must not be left for 
any length of time in a warm place before washing, or they will 
be liable to turn mouldy!' 

The other fermentation vats are managed and applied in the 
same way as the woad vat. The soda vat alone is of any 
practical i importance, and is used for dyeing bright shades of 
blue. Its operation necessitates greater skill than is required 
for the woad vat process, from which it chiefly differs in the fact 
that carbonate of soda is practically always used. The usual 
adjuncts are bran, madder and syrup. If such, bright blue 
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dyeings are only occasionally required, the usual practice is to 
continue the woad vat in use as a soda vat instead of preparing 
the latter specially. Of late years, bright coppery blues are 
also obtained with artificial indigo. 

Frequently, in order to save indigo, vatted goods are topped 
with logwood, for which purpose they are first mordanted with 
alum, copper sulphate, potassium bitartrate, and oxalic acid, and 
then dyed with logwood. In other cases, however, they are 
mordanted in the same manner as for logwood blue (</.r.), which 
is a decided irrational process, the greater part of the indigo 
on the fibre being destroyed by boiling in the bichromate bath. 
These dyeings are known as “ semi-fast bliM?,*' being less fast 
to light than vat blue. 

Occasionally the topping with logwood is only intended to 
secure better equalisation of the dye, uniformity being difficult 
to obtain on piece-goods in vat dyeing. 

To produce a semi-fast blue with a blackish appearance — 
which though less brilliant than, is quite as fast to light as, 
true vat blue, and is also last to wear — the goods are first blued 
in the vat, then boiled with santi^l, and afterwards vatted 
anew. 

It may alsdbe mentioned that some dyers in producing dark 
blues dye the goods first with azofuchsine, because this dye-stuff 
cannot bo detected by the indigo test (reaction with concentrated 
sulphuric acid). 

The Hydrosulphite Vat. — This vat is dealt with in connec- 
tion with the fermentation vats, inasmuch as it also is used 
warm and is chiefly employed in wool-dyeing. 

It presents numerous advantages over the woad vat, includ- 
ing: easy manipulation, which renders careful supervision 
superfluous; dyeing can be* commenced as soon as the vat is 
prepared, and the vat can be left idle at any time. For medium 
blues, at any rate, the vat is more productive than the woad vat, 
and the indigo is more efficiently utilized. The* amount of 
sediment is but small, and even the lighter (“pearl") shades 
of blue can be dyed with perfect uniformity without leaving any 
“white tips” in the wool. For such cases the hydrosulphite 
vat is really indispensable. It is mainly used for pale and 
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medium «blues on woollen yarns, hut it also gives better pene- 
tration *in the case of piece dyeing as well. For loose wool, 
on the other hand, the woad vat is still mostly used. 

At present, Artificial indigo alone is used for dyeing by the 
hydrosulphite vat process. Of the three forms — indigo powder, 
paste and reduced indigo — supplied by the manufacturers, the 
paste (20 per cent.) finds the largest employment. f From this 
a stock vat is prepared by warming it to about 50° C. with 
sodium hydrosulphite and caustic soda, or lime, though vats 
prepared with the last-named substance have the disadvantage 
of depositing a sediment. The vat can also be prepared in the 
manner already described in the chapter on Bleaching Agents, 
but this hietbod is profitable only in large works. 

Owing to their strongly alkaline character, the caustic soda 
hydrosulphite vats require care when used for wool, and the 
workers must wear rubber gloves. Ammonia is the most 
suitable alkali ; and this is added to the dye vat, the alkali of 
the stock vat being neutralised with ammonium chloride. In 
order, however, to keep the indigo white in solution in such 
faiutly alkaline baths, a splution of glue must be added. 

In preparing the vat, it is first charged with warm water 
■containing hydrosulphite, a quantity of the stock vat sufficient 
for the desired blue being then added and stirred up. Dyeing 
may bo commenced at once. When ammoiya is the alkali 
selected for the dyeing process it is added to the water first, 
being followed by the dissolved glue and finally by the h\dro- 
sulphite and stock vat — or a caustic* soda vat is treated with 
glue solution and the corresponding quantity of sal ammoniac. 
The higher the alkalinity of a vat, the longer does the dyeing 
process require, and therefore only very little ammonia — just 
sufficient for a test sample of the* vat liquor to give a fugitive 
slight red tinge with phenolphthalcin — is used for dyeing dark 
blue shades. For lighter shades the amount of ammonia is 
correspondingly increased ; and for these shades the proportion 
of hydrosulphite should also be higher in order to ensure uni- 
form distribution. 

The advantage of dyeing in an ammonia vat is that the wool 
retains its softness unimpaired. 
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Light shades are dyed hy a' single dip, darker slmdes by 
several dips, at a temperature of about 50 J C. For thAe latter 
shades it is advisable not to dye too deeply at first. It is of 
interest to note that more indigo is absorbed hy the fibre in the 
second dip than in the first. 

The dyed wool is squeezed on issuing from the vat, the ex- 
pressed liquor running hack down a sloping hoard. Tin* usual 
after-treatment is then given. 

For very light shades on worsted yarns it is advisable to pro- 
ceed in a different manfler. 

The principal consideration here is perfect equalisation, and 
this depends on two circumstances (I) the Kell-damped yarn 
must he carefully separated into individual hanks, *»ach of which 
is then suspended from a separate very smooth hazel rod : (2) 
the conversion of the green dyeing into him* must be performed 
in the most careful manner possible, as described in detail below. 
If these conditions are not properly fulfilled, the colours will he 
uneven and mixed. 

The rods laden with >arn are set side by side in a wooden 
frame, without touching one another, the whole being then 
slowly dipped into the* vat. Here they are turned hy hand at 
intervals, and remain until it is quite certain that the absorption 
of dye has ceased. This is necessary, because the hanks can- 
not he all taken out at the same time, hut must he lifted in suc- 
cession ; and since it is essential that the whole parcel should 
he uniform in depth of colour, no opportunity can be allowed 
for any of the hanks to absorb more dye than the rest. 

The absorption will be complete in about half an hour, where- 
upon the hanks are lifted from the vat one after another, rapidly 
squeezed, and then rinsed in cold water in the follow ing manner : 
Three or four tanks, about it) feet long by 40, inches wide, are 
placed in a row close by the vat, and through these the y«*rn is 
passed in succession, being opened by a pair of workers in the 
first tank, worked round, taken over, and treated in a similar 
way hy a second pair of workers, aqd thereby advanced a stage, 
the operations being repeated until the end of the last tank in 
the row is reached, whereupon the yarn is squeezed and drained 
in the hydrc^-extractor. 
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The object of this treatment is to remove the superfluous vat 
liquor irom the yarn as quickly as possible, and enable the 
blueing process to proceed gradually. The water in the Baid 
tanks must be renewed at intervals during the progress of the 
work. This applies particularly to the first tank, since this re- 
ceives the largest quantity of vat liquor. The changing can be 
effected by making the feed and discharge continuous 

The colour of the freshly lifted yarn is yellow, changing to 
green in the first rinsing tank, and then gradually turning blue, 
the change not being quite complete till the yarn has passed 
through the hydro-extractor. 

In this manner the palest blue shades can he obtained in 
perfect uniformity and clearness. 

By adding bisulphite to a hydrosulphite vat of suitable strength, 
until an acid reaction occurs, a dark blue can be obtained in one 
dyeing. If such vat is then to he used again for dyeing, its alka- 
linity must first he restored by the addition of ammonia. This 
process is best adapted for dyeing worsteds by machine, the 
multiple-dye method being preferable for the ordinary dyer 
when dark shades are required. 

At intervals — about twice aday — the hydrosulphite vat requires 
a fresh addition of hydrosulphite, and a little fresh stock vat 
liquor about once a day. The presence of an insufficiency or 
excess of reducing agent can ho gauged by the colour of the 
liquor, and the degree of alkalinity by the aid of an indicator. 

Vat Dyeino on Cotton. 

What the woad vat is for wool, the zinc vat is for cotton and 
linen. It has for the most part displaced the old vitriol vat, 
and is now almost the only vat used for cotton-dyeing. Its 
action is based on the property possessed by zinc dust of readily 
decomposing water in presence of an alkali, and combining with 
the liberated oxygen, whilst the hydrogen reduces the indigo 
blue to indigo white, which is immediately dissolved by the 
alkali. 

Lime is the alkali generally used here. 

A stock vat is first set by mixing together 10 parts of ground 
indigo, 7 parts of zinc dust, and 20 parts of lime, to form a pulp 
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with water, and leaving the whole to “ ferment” in a tftib. In 
about twenty-four hours the process of reduction will be com- 
plete, whereupon a portion of the contents of the stock vat is 
transferred to the dye vat, stirred up in the cold water with 
which the latter is tilled, and left at rest until the liquor has 

clarified, by which time the vat will be tit for use. The zinc 
o 



vat varies in size and shape, flut in the •usual round lorm the 
ratio between depth and diameter is about : 1. • 

The appearance of the zinc vat dillers little trom that ol the 
woad vat, whilst the management is much easier, ill 1 that is 
necessary being an occasional replenishing from the stock vat 
or an addition of zinc dust or lime, ff the vat liquor be green, 
too much indigo is present ; if yellow, too little. When there 
is a deficiency of lime the vat becomes turbid through the 

17 
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evolution of hydrogen. After each addition to the vat the 
liquor biust he stirred up and then left to settle before use. 

Cotton may be dyed in this vat in all stages of manufacture ; 
most frequently in piece form, less often as yarn. The piece 
of cloth to be dyed is wound on the frame shown in Fig. 25 in 
such a manner as to preclude contact between any two adjacent 
layers ; and, after the scum has been removed from ^he vat, the 
frame is immersed in the liquor and kept therein for five to ten 
minutes. The frame is then lifted and kept in the air for an 
equal time, in order to develop the Colour. If the goods be 
dyed in several dips, the frame must be reversed after each, or 
else the lower part of the cloth will come out darker than the 
rest. After dyeing follows “ souring,” which consists in enter- 
ing the cloth, full width, in sulphuric acid of about 2° Ik density, 
to remove adherent calcium carbonate and consequently brighten 
the colour. The operation is completed by washing. The 
indigo dissolved in the processes of souring and washing must be 
recovered. . 

If the blue be desired to have a coppery appearance, the 
goods must be dried by heat. The brilliancy of the colour may 
bo improved by methylene blue and methyl violet, these being, 
however, applied in the dressing, and not in the dyeing process. 

Frequently, and especially in yarn-dyeing, the operation of 
vatting is preceded by a bottoming with some £>ther dye. This 
is primarily intended to economise indigo, but the goods are 
also dyed through better, and sometimes also the tendency of 
the vat blue to rub oil is diminished A oy this means. The dyes 
used for this purpose are Columbia-black II, diamine black, 
, Chicago-blue, benzo blue-black, etc. In small dyeworks top- 
ping with logwood is often practised, the dyed cotton being 
treated in a bath of logwood, alum, and copper sulphate, or else 
first entered in a solution of iron pyrolignite and then dyed with 
logwood and alum. Dark blues, to stand calendering, should 
ho topped with sumach and iron. 

Finally, it may be mentioned, that the dyed yarns are often 
treated in a hot chalk bath, which diminishes the tendency of 
the colour to rub off. 

The most important improvement in piece dyeing was the 
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introduction of the continuous vat, a process wherein the alter- 
nate dipping and lifting of tho goods is effected in a continuous 
manner by leading the cloth upwards and downwards over a 
series of rollers, partly in and partly out of the vat. The rou- 
lette vat is a kind of double vat, the dyeing process correspond- 
ing to a double passage through the continuous vat. 

The continuous vat process is superior to the older method 
in every respect ; the blue is handsomer and better fixed; less 
indigo is lost in the washing, and, owing to thejnessuro of the 
squeezing rollers, the goods are dyed through better and a 
better green is obtained ; moreover, there are fewer light 
patches, and even dead cotton is dyed. For "disehaige effects 
this vat alone is employed, on account of the necessity for 
having a handsomer blue than is required when the goods are 
of one colour throughout. A variety of this process is used in 
England for yarns. 

Tlte vitriol vat is set with indigo, ferrous sulphate, and lime ; 1 
the management and application are the same as for the zinc 
vat. 

It was largely used at one time, especially for dyeing yarns, 
but of late years has been given up, almost entirely, on account 
of the considerable sediment formed, which is a source of trouble 
in dyeing and also of loss of indigo. The only advantage with 
which this vat can be credited is that it dyes more slowly than 
the prepared vats and that the medium and dark blues are of 
a redder tinge. 

The indigo-indigophenoi vat is set in a similar manner to the 
hydrosulphite vat. Its advantage consists in replacing a por- 
tion of the indigo by the cheaper indigophenol. It is, however, * 
not very easy to manage, owing to the difficulty in regulating 
the addition of hydrosulphite, and has not attained any practi- 
cal importance. m 

Dyes Competing with Indigo. — Attempts have Jjeen made 
to supersede indigo, for wool-dyeing, by a number of blue mor- 
dant dyes, such as alizarine blue, anthracene blue, alizarine 
cyanine, brilliant alizarine cyanine, etc., with some degree of 

^he approximate proportions are: 25 parts by weight of ferrous sul- 
phate and 30 parts of lime per 10 parts of indigo. 
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success;* and at the present time a number of dyeings that 
were formerly performed with indigo exclusively are carried 
out with these substitutes. 

The superiority of indigo over these rivals consists in the 
handsomer and fuller appearance, conjoined with the unsur- 
passed fastness of the colours to light. Tru<j, indigo fades a 
little under the influence of light ; nevertheless, the, blue, even 
in the, lightest shades, always retains its handsome, bright tone, 
which is not the case with the other dyes mentioned. In fact, 
the latter can only replace indigo for' dark shades, leaving it 
unrivalled for light blues, especially since the introduction of 
the hydrosulphitb vat. 

For cotton-dyeing a number of basic dyes, such as indoine, 
naphtindone, diazine blue, new blue, indophene blue, indol 
blue, indamine blue, indophenine, meta- and paraphenylene 
blue, etc., have been employed to imitate indigo. However, 
when subjected to test, the resulting dyeings are far inferior in 
fastness to indigo, and the superiority of the latter becomes 
still more apparent. Under the action of acids, bleaching 
powder, washing, and light, indigo dyeings sutler merely quan- 
titative alteration, the brilliant blue colour remaining un- 
changed. The rival dyes, on the other hand, mostly become 
discoloured, often reddish-grey, and, in the dark shades, mostly 
rub off quite as much as vat dyeings. ^ 

Owing to their tendency to redden (through the formation of 
safranine) in presence of reducing agents like syrup, dextrin, 
etc., the indoine blues, which are the most suitable for this 
purpose, haye been practically abandoned as substitutes for 
indigo. 

The dianisidine blues cannot be used, by reason of their non- 
resistance to avoids and the difficulty of getting equal distribu- 
tion. On the other hand, the application of indigo to dyeing 
cottons has been considerably lessened by the use of substan- 
tive dyes developed on the fibre or treated with copper, e.g. 
diamine pure blue (coppered), diaminogen blue, diamine azo 
blue, diazo-indigo (developed), etc., and especially by the fast 
blue sulphur dye-stuffs. 
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7. Application of th£ Developing Dyes 

The developing dyes are not purchasable in the finished 
condition, but are produced on the fibre. They are applied 
solely to cotton, and are distinguished by their fastness. They 
are divided into three groups — (1) tlTe ice colours ; (2) colours 
developed on the fibre ; (3) colours produced by oxidation on 
the fibre ;• (4) mine nil dyeings. 

Before proceeding to a special description, the following ob- 
servations should be made : The first stage ii^the production 
of these dyeings on piece-goods consists in bringing the dis- 
solved potential dye-stuff upon the fibre by padding, squeezing, 
and drying. In performing these operations if must ajways be 
borne in mind that the amount of the substance thus brought 
on the fibre depends not only on the strength of the solution, 
but also on the pressure of the squeezing rollers employed, 
which must therefore receive particular attention. 

The name ‘‘ice colours" is applied to a series of insoluble 
azo dyes, which are produced on the fibre, from their com- 
ponents, by the aid of ice as a cooling agent. The first pro- 
cesses of this kind were those descried in tin; patents of Head, 
Holliday k Sons, of Huddersfield (1H80), and Fr. Grassier. 
Great difficulties had, however, to be overcome, in applying the 
method on a large scale, and it was not until the end of the 
♦ •ighties that J* J. Weber, of Winterthur, succeeded in produc- 
ing a red from amidoazobenzol and /i-naphthol on the fibre, 
on a manufacturing scale. Credit is also due to the JJuchst 
Farbwerke in particular, in connection with the further exten- 
sion of these dyes, which, thanks to their cheapness and beauty, 
now play a very important part. 

The method actually practised is briefly as follows: The 
well-bleached cotton pieces are padded with a solution of /?- 
naphthol in caustic soda, then dried, and afterwards passed 
through a solution of a diazotised amine, cooled 1^ means of 
ice. The chief dyeings are — 

Scarlet with p-nitraniline ; * 

Boideaux „ a-naphthylamine ; 

Brown „ benzidine sulphate, with or without addi- 
tion of a-naphthylamine. 
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fn addition, for reds, there are azophore red, nitrosamine red, 
phenetidine red, and, for a yellowish Turkey-red, jS-naphthyl- 
amine ; for blue, dianisidine blue, azophore blue ; and for fast 
(azo) garnet, amidoazotoluol — to be considered as amines. 

For blacks, a whole series of combinations has been proposed, 
and to sofcne extent adopted in practice, though none of them 
has really succeeded in solving this difficult problem. The fol- 
lowing are the most suitable compounds: the Ilochst azo black 
base (it mixture of benzidine and dianisidine), azophore black 
(p-diamidodimethyl carbazole), and Caysella’s azotol C (amido- 
chrysoidine) which give a black with /?-uaphthol ; the combina- 
tions : nitranilint; and Cassella’s naphthol BD (1.6 and 1.7 
amidonaphthol) ; nitraniline and Badische nigrophore (obtained 
by coupling diazotised 1, 2, 1 dichloraniline with 1.8 amido- 
naphthol-5-sulphonic acid in acid solution) ; benzidine and 
Bayer’s developer KS (2.3 dioxynaphthalene-G-sulphonic 
acid). , 

The different manufacturers of dye-stuffs are busily endeavour- 
ing to increase tin; number of these dyes and to improve those 
already known. This applies particularly to nitraniline red and 
dianisidine blue, the endeavour being to produce the former in 
ft more bluish tinge, similar to Turkey-red, whilst with dianisi- 
dine blue the endeavour is to improve its worst quality — the 
lack of fastness to perspiration. 

The /J-naphthol is dissolved in pure caustic soda, care being 
taken to avoid any excess, because of the resulting increased 
tendency of the /ft-naphthol to turn bfown, by oxidation, on ex- 
posure to the air. This defect maybe ameliorated by the addi- 
tion of solutions of an antimony salt in glycerine (Lauber 
and Caberti's patent), one of which is sold under the name 
“ Naphthol IjC”. Sulphites, too; improve the stability of the 
naphthol solution, though to a smaller extent. Owing to their 
tendency to absorb carbon dioxide from the air and then de- 
posit the /^-naphthol, these solutions should be kept in closed 
vessels. 

For reds, the naphthol solution receives an addition of a fatty 
preparation, *!.</., Jlochst para-soap BN (an acid, castor-oil am- 
monia soap) which gives a handsomer colour with a more bluish 
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tinge. For such shaded the ordinary /J-naphthol is reyhuvd*hv 
naphthol R, which contains a small quantity of a naphtjiol sul- 
phonic acid (2.7). In the case of other ice colours tragacanth 
has been found a suitable adjunct to the naphthol solution. 
Finally, in the case of dianisidine blue, the addition of a copper 
salt to the preparation is essential, since otherwise fhe colour 
turns out a dull, fugitive violet. Naphthol D is used for diani- 
sidine blue that is required to withstand the action of perspira- 
tion. • 

The pieces to be dyi 1 are prepared b\ passing them 2 to 3 
times through the naphthol solution, in a padding machine, the 
solution being preferably lukewarm. Tlie\ iye then squeezed 
very thoroughly, as otherwise the dye tends to rub off# 

After the pieces have been padded with the preparation, they 
are dried, as thoroughly as possible, in the hot Hue at a tem- 
perature of 70’ (\ ; the better the drying, the fuller the result- 
ing colour and the lower the tendency to mb oil*, though the 
use of high temperatures must be avoided or the naphthol will 
be vaporised. The goods cannot be treated with the prepara- 
tion long in advance, but must be further treated as soon as 
possible afterwards at any rate (tuiing the same day -or 
partial browning may ensue. 

in preparing the diazo solution of tin* amine for the develop- 
ing bath, the amine is dissolved m hot Tiydrochloric acid ^nd 
water. It is then cooled by adding cold water and stirring in 
order that the sparingly soluble amine chloride may separate out 
in the linest state of division possible, because. 1 large crystals will 
not react so well in the subsequent treatment with nitrous 
acid. * 

Sodium nitrite, accompanied by lumps of ice, is next added, 
the nitrous acid of the sod Aim nitrite being liberated by the 
excess of hydrochloric acid and converting tlrt* amine injo the 
corresponding diazo compound. Ten minutes, or even longer 
in some cases, should he allowed for the completion of diazo- 
tisation ; the liquid is then filtered, and the hydrochloric acid, 
W’hich would retard the coupling process, is neutralised by the 
addition of a cold solution of sodium acetate immediately 
before use. 
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In so far as the diazo solution contains an excess of free 
mineral, acid, it is fairly stable, and can also be prepared without 
ice. After the addition of sodium acetate, however, it becomes 
readily decomposable, especially when it contains an excess of 
nitrite. Nevertheless, rather more than the theoretical quantity 
of nitrite 'must bo used in order to obtain favourable conditions 
for diazotisation. It has also been found that the sensitive- 
ness of a diazo solution increases with its concentration, 'and 
therefore strong solutions must be thoroughly cooled with ice, 
whereas this latter can be dispensed with altogether for dilute 
solutions. In this respect, however, the various amines differ 
considerably in tjheir behaviour : some of them yield readily 
decomposable diazo solutions, whilst with others the diazotising 
is effected better at the ordinary temperature than in the cold. 
The Hbchst azophore dyes, which contain the amines in 
already diazotised form, are very stable. Finally, it may be 
mentioned that the time required for diazotising varies,, the 
developing bath for naphthylamine garnet, for instance, need- 
ing to stand a while before use. 

To develop the dye, the naphtholised pieces are passed in 
the open form, through a padding machine containing the filtered 
diazo solution, which must be kept at constant strength by a 
continuous feed of fresh solution. The goods are then led over 
gujde rollers, in the air, in order to allow the gradual coupling 
of the naphthol and diazo compound to attain completion. In 
the case of dianisidine blue, for example, this operation takes a 
long time, especially on heavy goods, ajid is very often irregular. 

The pieces are then washed, preferably by a continuous 
process, the ^oods being passed in succession through a series 
of vats, in which they are first swilled and then washed in a 
stream of water. (• * 

Finally, the ^oods are soaped at about 60° C. (a little soda 
being added for red shades with a blue tinge), in order to lessen 
the tendency of the dye to rub off ; and are then washed again. 

In some cases these dyeings are coppered, the red being 
changed into a handsome fast tobacco-brown, whilst para-brown, 
for instance, is made much brighter. 

The ice colours have two unfavourable properties to be kept 



in mind : they will not 'stand m&ch rubbing or boat, the latter 
causing them to separate from the fibre by sublimation. The 
method of lessening the first-named drawback has already been 
described ; but the only way to prevent sublimation- a property 
which is particularly noticeable in /?-naphthol itself — is to 
guard the goods from exposure to any strong heat. 

The dyeings — such as dianisitline blue- -which are obtained 
by the aid of copper, however, are not sensitive to heat ; and 
this blue will even stand the prolonged steaming necessary to 
develop the colour. The rest of the ice coloifrs are only oc- 
casionally subjected to a short, gentle steaming when used, 
along with other dyes, in calico-printing. • 

Owing to its peculiar constitution, nitrosamine ml*can also 
he produced by bringing the two components on to the fibre at 
the same time, the material being cute red in an alkaline solu- 
tion of /9-naphthol, nitrosamine, tragacanth, and Turkey-red 
oil. • It is then dried, and left fourteen hours for the colour to 
develop. 

In practice, however, the method pursued is on the same 
lines as with the other ni tramline preparations. 

In the application of ice colours to yarn-dyeing, practical 
difficulties are encountered, which, however, have been over- 
come, more particularly with nitlaniline red. This d)e is 
used more esjjecially when it is desired to maintain the aoft 
texture of the yarn (knitting yarns). 

Nitroso blue belongs to the colours produced by condensation 
on the fibre, hut is only used in calico-printing. 

Oxidation Dyes. — The colours developed on the fibre by 
oxidation include aniline black and paramine brown. 

Aniline black is the finest and fastest black for cottons; anti 
probably more work has beeif done amt written about this dye 
than any other. • 

It is dyed on raw unbleached cotton ; and can even be pro- 
duced on dressed cotton, a method which has the* advantage 
that the dressing does not cover the dye and mask its brightness. 
Aniline black can be produced by the oxidation of an aniline 
salt in two ways, furnishing oxidation black and single-bath 
black respectively. The former and older method was first 
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practised in calico-printing and subsequently applied to dyeing. 
The fabric is padded with a solution containing an aniline salt, 
an oxidising agent, sal ammoniac (as hygroscopic agent), and 
usually an oxygen carrier as well. After drying, the black is 
developed by chroming, soaping, and stoving or steaming. The 
aniline salt generally used is the chloride, which should be as 
pure (free from tolidine) as possible. The quantities employed 
in practice vary considerably, but about 100 parts by weight per 
1000 Represents the average — though a useful black can be 
obtained with don less. r 

The oxidising agent is chlorate of soda or potash, or both. 
The proportion (^f the sodium salt) given in practical recipes is 
about O'H to 1 of aniline chloride. 

For printing, copper sulphide or a salt of vanadium is used 
as the oxygen carrier. Vanadium may be replaced by cerium, 
which is said to give a liner black. (The preparation for this is 
made by treating cerite with sulphuric acid.)* In dyeing,, the 
same function is discharged by copper sulphate (1 to 2 parts by 
weight, per 100 of aniline). Of late the padding preparation 
for aniline black has been made with an admixture of acetate 
of alumina (1110 parts per J00 of aniline), with the object of 
neutralising the hydrochloric acid and thus 'counteracting the 
tendency to turn green through the action of this acid on the 
fabric. 

In preparing the padding liquor, the several ingredients are 
dissolved separately in water, and the solutions mixed together 
in the cold. In any case, the oxygen carrier should not be 
added until just before use. When copper sulphide is used, a 
thickening agent must be added to the solution to prevent that 
substance from separating out as a deposit. After padding, the 
fabric is dried at ordinary temperature and then either run 
through the Mather & Platt oxidation machine at the rate of 
70 to 100 yards a minute, or else hung for a couple of days in 
a slightly damp atmosphere, at 25° to 30° C. (77° to 815 ’ F.), to 
start oxidation— the former being the method in more general 
use. 

The rapid oxidation apparatus of Mather & Platt, or, as 
it is generally termed for short, the “ Mather- Platt,” is a con- 
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tinuous steaming apparatus, and ns largely used in calico- prun- 
ing. In the view of this apparatus, shown in Fig. 2t>.#u is an 
iron case of circular or quadrangular section, through which the 
goods /, from li , are passed overstretching lods A\ /, and guide 
rollers n, o, in an ascending and descending direction, by means 
of the two sets of rotating rollers b, b { , and are filially dis- 
charged througli the same aperture above the rollers />, (/, to be 
laid on the table x by the folding device u , r, u\ The rate at 
which the goods are moved forward is usually regulated so 
that they remain in the Voparatus about one lniftutc. 

Other details represented in the figure are 1, the steam ad- 
mission valve ; y , the perforated steam-pipe , j', a false bottom ; 
2, the waste steam valve; tj, a small st(‘am engine; i/, a bedt 
pulley ; /, a fly-wheel ; and d, a belt ])idley, Nvith tho speed gear o. 

The copper pipes situated at the inlet and outlet aperture 
for the goods are also heated with steam, to prevent wet stains 
arising from condensation. 

The pieces placed in the oxidising chamber must be neither 
too dry nor too damp, since in the former cast* the colour de- 
velops badly and gives a dull brownish-black, and, in the other 
case, development goes on too quickly The development of 
the black is retarded by draught or by too long a sojourn in the 
cold chamber, the reason for this being a partial volatilisation 
of the aniline and crystallising of the chlorate so that it can jio 
longer oxidise.* The piece turns a piogressively darker green 
in the chamber owing to the formation of emrraldine, and when 
this shade has reached a ceitain intensity, further sojourn 
in the chamber is dangerous, the acid from the aniline salt 
rotting the fibre. On removing the pieces from 'the chamber 
the colour is developed by chroming, after which they are 
washed and finally soaped )poi. • 

Chroming is effected in various ways, the amdunt of chrqjnato 
used ranging from 1 to 10 parts per 1000 in direct relation 
to the depth of black required. A slight topping ^vith direct 
(or indeed any other) aniline black has a very beneficial effect 
on dyeings of oxidation black, by lessening the tendency to turn 
green in bourse of time. For this reason it is preferable to com- 
bine the chroming with a topping dye, the goods being treated 
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in a solution of bichromate and potash (7 per cent.), sulphuric 
acid (2 per cent.), and a little aniline (about k per eent.), 1# for half 
an hour at 40 c to 50° C. (104° to 122° 1\) followed by a thorough 
washing. 

Tn the introduction of oxidation black in yarn-dyeing, con- 
siderable difficulties had to be overcome ; in particular, uniform 
oxidation # in the warm chamber only became possible upon the 
construction of special reels on which the spread-out jarn is 
caused to rotate. Kven until recently only a few works were 
able to dye yarn efficiently in this manner, and # produce the so- 
called diamond black. 

There are two disadvantages attending on oiidation black ; in 
the lirst place, the hydrochloric acid of the anilifie sdU always 
more or less strongly corrodes the cotton fibre, and, where the 
work is carelessly done, this may extend to a complete rotting of 
the goods. The second drawback is that the colour turns green 
afte* a short time. This change on the part of aniline black 
apparently results from the formation of emeraldine by reduc- 
tion, and is the more retarded the deeper the black. it is 
furthered by acids and by reducing agents, the chief among 
which, in practice, is sulphurous acid. In order to provide a 
remedy it is necessary that the black should be intense and 
well oxidised. .By adding acetate of alumina to the padding 
preparation aryl employing a chrome bath containing anilme, 
a practically unchangeable black can be obtained. Another 
way of achieving the same result is by using “ Oehler salt” (an 
aniline oil rich in m.-toluidine ; but the black is rather browner 
than ordinary aniline black. 

The liability of a black to turn green may be tested by sus- 
pending a sample of the fabric in a beaker containing bisulphite 
and sulphuric acid, covering ^he vesseFwith a watch glass. If 
the black does not become green within live to ten minuses," it 
may be regarded as permanent. 

Frequently, in order to improve the colour and mask the 
change to green, the black is topped with methyl violet. Oxida- 
tion black is also produced on any silk goods in just the 


1 Referred to the weight of the cotton fabric. 
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same way as on cotton, and is generally topped with methylene 
blue. Considerable advance in this branch has lately resulted 
from the introduction of the so-called Prudhomme’s black. The 
modus ope rand i is similar to the later methods, except that 
potassium ferrocyanide is added to the padding solution. This 
salt reacts on the aniline chloride, forming aniline ferrocyanide 
and potassium chloride. It differs from the above-described 
oxidation black, inasmuch as the fibre is not corroded, the 
hydrochloric acid being combined with potassium, and that the 
development ot the dye proceeds more gradually : a great ad- 
vantage in the production of printed goods. The quantity of 
potassium ferrocyanide depends chiefly on the amount of aniline, 
the average being about 50 grms. per litre (5 per cent, by weight) 
of padding solution ; no oxygen carrier is required. The goods 
are first padded, then dried in a current of hot air by passing 
through a small chamber, and finally developed as in the older 
processes. * 

Diphenyl black base 1 (Ilochst) is paramidodiphenylamine. 
Por dyeing, it is dissolved in acetic acid, and used in associa- 
tion with sodium chlorate (as oxidising agent), copper chloride 
or cerium chloride (as oxygen carrier) and aluminium chloride. 
Copper salts develop the colour sooner, but cerium salts give a 
bluer black. 

After padding in the solution the colour may be developed by 
passing the fabric over hot cylinders, but a finer black is ob- 
tained by first drying in the hot flue and then developing for 
two to ten minutes m the Mather-PhPt. Washing and soaping 
complete the process, chroming being not only unnecessary, but 
even unfavourable, owing to its effect on the tinge. 

Diphenyl black has the advantage over ordinary aniline black 
of not being liable to turn green and not weakening the fibre ; 
blit it is dearer and is not very largely used. A cheap black, 
more closely resembling aniline black, is obtained with diphenyl 
black oil* DO (Hochst), a solution of diphenyl black base in 
aniline. 

Diphenyl black cannot be used for dyeing Prudhomme black, 
the ferrocyanide of the base being insoluble. 

Single-Bath or Direct Aniline Black has long been largely 



used for dyeing loose cotton and yarns, and more reaent ^ex- 
tended to cotton in warps. • 

Owing to its cheapness, it has sutYered less than oxidation 
black from the competition of the sulphur and substantive dyes, 
and is still very important, especially since the discovery that 
its resistance to friction and fastness to light can be # much im- 
proved by, bottoming with substantive dyes, such as Congo-red, 
diamineral black, etc. 

As the name implies, th(* dye is produced by dyeing the 
cotton in a single bath ; this contains aniline chloride, potassium 
bichromate, and hydrochloric acid. Some dyers use, instead 
of hydrochloric, sulphuric acid, or a mixture#of the two ; and 
hydrofluoric acid has also been proposed for this purpo&* (Thiess 
& Cleft). Others again replace a portion of the chromate by 
copper sulphate. 

The proportions of these reagents vary within wide limits. 

A* far as the aniline salt is concerned, the quantity depends 
entirely on the depth of black required, and therefore is limited 
by consideration of expense. In practice, for this reason, not 
more than about 11 per cent, of undine salt or 8 per cent, of 
aniline oil can 1m; used ; even with 8 per cent, of the salt a very 
good black can he obtained. The average quantity of bichromate 
is from 1*3 to 1 *(> parts per part of aniline salt. Finally, the 
quantity of acjjl used differs so considerably in tin* various 
recipes that no average; figures can be given. Nevertheless, it 
is irrational to employ more; than 12 per cent, of hydrochloric 
acid ; and 8 to 10 per ee» b. would generally he sufficient. 

The dyeing process is performed as follows : The ingredients 
are dissolved separately, and mixed in a perfectly cold state 
just before use. The dye-bath should he as cool as possible, 
and used in a wooden vessel, the time* of exposure being two 
to two and a half hours. The black will be less likely t* rub 
off if the acid be added in several portions, and not all at once. 
The cotton is at first coloured green, then blue, and finally 
black. In order to utilise the hath better, the temperature 
may be raised to about 60° C. during the last half-hour. The 
more concentrated the bath the quicker will the colour develop. 

'The chief {joint in this method is to secure the development 
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of the amline far as possible in and upon the fibre, and as 
little as may bo in the bath, since the black deposited in the 
bath adheres only loosely to the cotton, and easily rubs off. A 
good aniline black bath should therefore remain clear as long 
as possible, although, towards the end of the operation, a deposit 
is always formed in the bath. 

On leaving the bath, the black is of an ugly brown shade, and 
must be improved by topping with logwood and hot soap. The 
logwood is fixed by the chrome deposited on the cotton whilst 
in the dye-bath! 

All single-bath aniline blacks have a more or less pronounced 
tendency to rubaolT; they are, however, faster to acid than 
oxidation black, and do not corrode the fibre. The rubbing-off 
may be considerably diminished by careful washing, preferably 
in running water after dyeing. Finally, mention may ha made 
of two modifications of this process. In the one, the single- 
bath black is produced in a warm bath containing less aniline 
than usual (about 8 grams per litre) ; the black, however, easily 
rubs off, and consequently this method is very seldom used. 
On the other hand, black is still produced on loose cotton by 
impregnating the material with a concentrated black bath, and 
then developing the colour by steaming. No advantageous 
method has yet been devised for recovering the chrome from 
the spent black baths. 

Paramine Brown. — II. Schmid discovered that a brown 
colour can be developed, from paraphenylenediamine, on the 
fibre in the same way as black from .aniline, the resulting dye 
being superior to that from manganese bistre owing to its 
simpler method of preparation and greater fastness to light 
and resistance to friction. Though mainly intended for print- 
ing- -for which it is well adapted, by reason of the ease with 
which it can he discharged (or reserved) — it can also be used 
with advantage in dyeing piece cottons. The dy e-bath for this 
purpose is prepared by dissolving paramine (13adische) in water, 
a little rongalito C, sodium chlorate, sal ammoniac (both of 
these in equal amount to the paramine), tartar emetic dissolved 
in glycerine, and a little ammonium vanadate — all previously 
dissolved in water. For a lull brown the solution should contain 
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to 2 per cent, of paramine, the fabric being padded, dried 

at about 40° C. (104° P.) in the hot flue and developed 'in the 
Mathe'r-Platt, followed by -washing and soaping. 

Mineral Dyes. — Of the mineral dyes developed on the fibre 
the following alone are of any practical importance : Manganese 
bistre, iron chamois, Berlin blue, chrome yellow, and orange 
chrome. # 

Manganese bistre is largely employed in calico-printing, on 
account of its fastness and the ease with which it is discharged. 
The goods are first padded with a solution of manganous 
chloride that has previously, to a slight extent, been converted 
into acetate by the addition of a little lead acetate. The con- 
centration of the manganese solution is naturally in direct ratio 
to the depth of brown to be produced. Next, thoy are passed 
thjpugh boiling caustic soda of about 17° B. strength ; then ex- 
posed to the air by passing over guide rollers, and, in the caso 
of dark shades, returned to the soda bath. Finally, to ensuro 
complete oxidation, they are treated in a hot bath containing 
about 1^ part, by weight, of potassium bichromate per 1000, and 
then washed. 

Very good results can also be obtained with manganous 
chloride alone, or another organic salt of manganese instead of 
the acetate, though it is advisable, to secure equalisation cf the 
colour, that pai$ at least of the manganese should be in tlfe 
form of acetate. The soda solution should bo causticised be- 
forehand with lime, since, if it contain carbonate, there will 
be formed on the material, .in addition to manganese hydroxide, 
manganese carbonate, which is less easily oxidised and may 
give rise to irregularities in the colour. For light brown, the 
alkali may be weaker than that mentioned above. The padding 
with hot lye is effected in a stfeam-heated apparatus. In some 
works the final oxidation is performed with sodium hypochlorite, 
in the cold, instead of with bichromate. 

Iron chamois is only sensitive to acids, being in other respects 
a very fast dye. The iron salt used is the so-called iron nitrate, 
or iron acetate, prepared from ferrous sulphate and lead acetate 
,by double decomposition, the displacement of the sulphuric acid 
of the iron sajt by the acetic acid being, however, incomplete. 

18 
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The cheaper iron pyrolignite is not so suitable in this case, its 
tarry impurities muddying the colour. 

Even ferrous sulphate does not give good results. The . 
shade of the chambis can be modified by adding aluminium 
acetate to tho iron solution. The method of dyeing is as follows • 
The goods are padded with the iron solution, dried, then left 
twenty-four hours in the warm oxidation chamber, .and after- 
wards treated, for the precipitation of the hydroxide, in a hot 
(80° C.) bath, containing about 1 per cent, by weight of chalk 
and 0*3 per cent, of water-glass (sodium silicate). Finally, they 
are washed, dried, and subjected to steam chemicking (see 
Galico-Printing)y which gives the colour a more agreeable tone. 

This method, however, is confined to the production of dis- 
charge effects in calico-printing, the following being that pur- 
sued generally in cotton-dyeing : Tho goods are passed in ac- 
cession through an iron bath, a lime bath, and a chemicking 
bath containing “ chloride of lime,” these baths being contained 
in vessels similar to those used for the dunging process. After 
each bath a good squeezing is given to remove the superfluous 
liquor, and finally the goods are washed. This dye, however, 
has now been almost completely displaced by tho substantive 
dyes. 

Berlin-blue is a bright colour, fast to acids and light, and is 
still used, though only to a limited extent. The goods are pre- 
pared by passing them first through a bath of sodium stannate 
and then through sulphuric acid, after which they are washed 
and passed alternately through an iro») bath and one of potassium 
ferrocyanide, until the desired shade is attained. 

Chrome yellow and orange chrome are still largely used, both 
on account of their rich bright tone and because they increase 
the weight of the goody. 

Chrome yellow is particularly fast to light, soap, and acids, 
though it is turned reddish by alkalis, and brown (lead sulphide) 
by sulphuretted hydrogen. The same applies to orange chrome, 
except that this dye is unaffected by alkalis and is stained 
yellowish by acids. The behaviour of these two pigments towards 
acids and alkalis is due to their ready conversion one into the 
other, chrome yellow being transformed into the basic chromate 
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(orange chrome) by alkalis, whilst the latter is Reconverted into 
the yellow normal chromate by acids. Moth pigments are 
. poisonous. 

Chrome yellow is produced by depositing lead hydroxide or 
lead sulphate on the fibre, and then converting the compound 
into lead chromate by potassium bichromate. This is effected 
in different ways, especially as regards the fixing of the lead on 
the fibre. For instance, the goods are impregnated in a solu- 
tion of lime, then treated in a solution of basic load acetate, 
and then returned to the lime bath. Of course, a squeezing 
must be given after each immersion. The use of a basic salt 
of lead is explained by the chemical reaction, ^hereby the lime 
fixes the acid of the lead salt and deposits the hydi >xid« of lead 
on the fibre. Other dyers impregnate with a solution of a lead 
salt, dry, and then pass through a cold solution of ammonia 
(1 part to 6 of water) for two minutes. Again, the material is 
padded with a solution of magnesium sulphate, then dried, 
padded with a solution of basic lead acetate, and then left at 
rest for the formation of lead sulphate on the fibre. In any 
case, a good washing is given after the lead treatment, and the 
goods are then immersed in a solution of potassium bichromate 
(5 to 6 parts per 1000) at 50 J C. for half an hour, ahd finally 
washed. o 

For the production of orange chrome, the chrome yellow 
generated on the fibre is “oranged” by treating the goods for 
half an hour in a boiling-hot bath containing 1 part, by weight, 
of lime per mil. 

The Albumin Dyes are used only in Calico-Printing, and 
will therefore be described under that heading. 

• • 

IV. Dyeing on a Manufacturing Scale. % 

Textile fibres are dyed on a manufacturing scale jn the con- 
dition of loose material, rove, yarn, and woven fabrics, the latter 
being the most usual practice on account of the greater conveni- 
ence and ^cheapness, it being possible to handle a larger quan- 
tity at a time with a smaller expenditure of dye, owing to the 
more closely •compressed condition of the fibres. Dyeing the 
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loose mfrterial is the most expensive form of all, there being a 
greatef consumption of dye, and more waste during spinning 
and weaving, owing to the more extensive tearing of the fibres 
that have become more or less closely matted together in 
dyeing. Finally, it must also be borne in mind that some dyes, 
especially those produced by the aid of tin mordants, 1 increase 
the difficulties of the milling process. Consequently,, the dyeing 
of fibres in the loose state is practised only in the case of better 
class single-colour fabrics, parti-coloured goods with woven 
designs, or in 'the production of yarns and fabrics from mixed 
fibres, ily mixing together a number of loose coloured fibres, 
and then willowong, carding, and spinning the mixture, a series 
of shadjs can be produced that give the finished fabric the ap- 
pearance of a uniformly coloured product. In this manner, by 
an admixture of white fibres with others dyed with dark shades 
fast to light, a faster light shade can be obtained than is possible 
by dyeing the whole in the same shade. (See Fastness of J)yes 
to Light.) 

In dyeing loose fibres, perfectly soluble dyes and extracts 
alone are suitable. The vessels employed are generally hemis- 
■ pherical copper vats, the bath being heated by a steam coil 
undor the perforated false bottom. Of late years there is a 
growing tendency to employ closed vessels, or open vats fitted 
wvth a circulation pump (Fig. 27). 

All fibres are dyed in the condition of yarn, and that, too, 
more often than the loose state. The general practice is to dye 
in hanks or in warps, and latterly it ,has become the custom to 
also dye in the form of cops, especially in the case of cotton 
yarn. 

Hank yarns are dyed in quadrangular wooden becks (Fig. 28) 
fitted with a false perforated bottom b , underneath which is 
situnted a steam coil d , admitting steam to the bath. When, 
however, the volume of the bath liquor must not be allowed to 
increase during dyeing — for instance, in dyeing cotton with sub- 
stantive dyes — a closed steam -pipe is used. The feed steam- 
pipe e must be separated by a wall c from the material to be 


1 Such dyes are uow seldom used. 




Fig. 2n. 

and are then hung in rows on smooth rods /, arranged crosswise 
on the edge of the beck. At intervals the hanks must be turned, 
a row at a tiipe, by passing a rod through the whole row, lifting 
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it out of* the liquor, and giving it about a quarter turn. When 
it is dbsired to add more dye to the bath, the depending end of 
each row of hanks is laid over the adjoining rod. The move- 
ment of the bath liquor must not be more than a gentle undula- 
tion, in order to prevent tangling or felting in the case of woollen 
yarn. This defect is also minimised by reducjng the period of 
exposure in the bath. , 

This method of dyeing entails a good deal of hand labour, on 
which account numerous hank-dyeing machines have been con- 
structed wherein the yarn carriers artf usually caused to rotate 
by means of toothed wheels, thus turning the yarn mechanically. 
It has the disadvantage that the prolonged handling of the 
yarn in*the bath may easily cause felting in the case of wool. 
Other yarn dyeing machines, which either move the yarn in- 
termittently through the bath (the Till machine), or raise and 
lower it automatically at certain intervals, are better ; but the 
best results are still obtained by hand, as already described. 

Worsted yarn is often dyed in the state of sliver, this condi- 
tion being moro suitable than that of loose wool. The sliver, 
having been slightly oiled, must be cleansed before dyeing, for 
which purpose it is steeped awhile in a very dilute warm solu- 
tion of soda, then rinsed, and dyed after winding in hank form 
like yarn. The work must be performed with great care, since 
thh sliver is easily torn and readily felts ; the bath must not be 
boiling hot, nor may the material be worked about too rapidly. 
The advantage of dyeing in this form rather than in the state 
of yarn, is that any slight inequalities are unimportant, being 
eradicated during the subsequent spinning process. «. In dye- 
ing warps, the yarn is led alternately up and down, over guide 
rollers, through several baths in succession. In order to pro- 
tect the material, it is r now largely the custom to dye the bob- 
bingf'of sliver or carded fleece in dyeing machines, wherein a 
circulation of the bath liquor is maintained by suction and 
pressure, thus forcing the liquor through the material. A typi- 
cal form of this class of apparatus is the Obermaier revolver 
shown in Figs. 29 and 30. 

This machine consists of the vertical main oylinder a, around 
which are mounted in four horizontal rows a series of small 
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cylinder? ft, each containing a bobbin. At the junction of the 
bobbin^ cylinders with the main cylinder are a number of per- 
forations, and similar perforations a^e made in the lids c of 
the bobbin cylinders. In dyeing, the cylinder is placed above 
the discharge pipe e, in the dye-vat d (Fig. 30), and the pump 
is started'. The liquor is first forced by the pump into the in- 
terior of the main cylinder a, thence through the perforations 
into the bobbin cylinders, where it traverses the material, and 
thence escapes into the dye-vat. When the tap <j is closed, the 
liquor returns to the pump through the raised valve h , and the 
circulation begins anew; when the valve h is closed and the 
tap (j opened, fresh dry liquor, mordant solution, or water can 
be run i^ through the pipe i. 

The vat is heated by steam-pipes, and is emptied by the tap 
h. This machine can be used for the various successive opera- 
tions of damping, mordanting, dyeing, and washing, and also 
for drying the material by means of hot air. It is advisabJe to 
add only one-half the requisite amount of dye at first, then take 
out the bobbins when the bath is nearly exhausted, and reverse 
them so that those formerly in the top row are now in the 
bottom, and so on, the bobbins being also turned end for end in 
the cylinders. 

When these mechanical dye- vats are used, the most soluble 
dye;s should be selected, the materials should be as clean as 
possible, and the bobbins not too tightly wound. 

Nowadays all these materials are often dyed in mechanical 
appliances. r 

Piece Dyeing. — The only time when this is a disagreeable 
operation is When the goods are defective and dirty. Many de- 
fectsjdo not reveal themselves until after the goods are dyed, 
especially when the latter have tt> pass through a somewhat 
complex process' |of manufacture, as is the case with woollen 
cloth. 

In such (Uses stains appear in the form of cloudy patches or 
as dark i ,selvedges in full width dyeing, etc., and this most 
readily happens when small dye-vats are used, where the 
central portion of the piece is more compressed than the edges, 
which latter therefore absorb a larger quantity of d^e. 
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A vat wherein all the operations of .piece, dyeing? suel? as 
damping, mordanting, and dyeing, can be performed •in suc- 
cession is shown in FigAU. In this apparatus heat is applied 
through a steam-pipe /, which is separated from the goods by 
a perforated partition wall l>. This smaller compartment also 
serves for the introduction of the added solution of dye. 

The pieces are sewn, end to end, in the form of an endless 
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band, and generally reeled lfke a haul*. If to be dyed wide 
open, the piece is kept spread out by the aid of a stick ki the 
hand of an attendant whilst slowly passing through the dye. 
More frequently several sets of pieces are wound side by side 
on the same reel, and are kept separated by lattice partitions 
during their passage through the dye-vat, in order to prevent 
them from getting mixed on the reel. Cotton goods are dyed 
in the same yay, mostly in hank form. 
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A machine largely used for dyeing piece cottons is the jigger, 
Fig. 32. It consists of a simple wooden vat a, on to which 
are screwed the cast-iron uprights bc( supporting the wooden 
rollers de. The goods, which are woundion.the rollers, are 
drawn i through the dye-bath in the direction shown by the 
arrow, when d is set in motion, and are then wpund up on the 
rollor /, which is mounted: in a slotted ^bearing. The .roller e is 
fitted with a loaded brake in order to keep the goods at the 
proper tension. If the goods have to be passed through the 
bath for several hours in succession, tfney are wound on d at 



first instead of on /. On motion being imparted to the roller e 
and the brake applied to d, the goods traverse the bath in the 
opposite direction, and are wound up on e. The jigger is the 
best machine for dyeing piece cottons with substantive dyes or 
basi<wlyes. 

Before setting the dye-bath the water must be corrected or 
purified by* boiling with soap or bran. The whole or a portion 
of the dye is then added. The usual method of dissolving the 
dye is to mix it into paste with a little hot or cold water and 
then suffuse it with a larger quantity of hot water, pass it 
through a linen filter, and run it into the vat ; thg undissolved 
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residue is brought into solution* by a further addition of witter. 
As a rule, it is not advisable to place the solid dye-stuff in the 
vat. Distilled or condensed water should be used for dissolving 
dyes; in the case of basic dyes, a little acid facilitates solution, 1 
whilst soda is often useful as an adjunct in dissolving acid dyes. 
Dyes in paste form must be carefully stirred up with* water. 

After Eyeing, the goods aro generally rinsed, to remove ad- 
herent impurities and dissolved dye. Loose materials arc 
rinsed in rinsing machines; yarns in the hank aro Visually 
hand-washed in the dye-vat, the dye liquor beifig drawn otT and 
replaced by fresh water. There are also yarn- washing machines, 
wherein the yarns are suspended from revolving rollers. Wash- 
ing in running water is the most etlicacious. Piecu^oods are 
washed on the reel ; in the case of fugitive dyes the pieces are 
passed wide open through hecks fitted with rollers. Owing to 
the multifarious character of the operation, it is impossible to 
go further into details. 

The dyed goods are drained in the hydro-extractor. Drying 
is effected, in the case of loose material, in special forms of 
apparatus, frequently by the aid of hot air in carbonising 
machines. Yarns and piece-goods* are dried by hanging in 
warm chambers ; piece-goods more frequently irt revolving 
cylinders, stretching frames, and calendering machines, similar 
to those used in the finishing process. • 

Dyeing in Mechanical Appliances. 

In the foregoing descijption of the appliances used in dyeing 
particulars have been given of several in which hand labour has 
been more or less completely replaced by power; hut the term 
“dyeing machine” is reserved for appliances in which the 
bath liquor is caused to circulate throflgh the fibrous materials 
by suction or pressure. The apparatus shown* in Fig. 27®there- 
fore belongs to this class. 

Of late years machine dyeing has been greatfy extended, 
and the number of patented appliances has become so large 
that onl^ a general review, coupled with a few examples, can 
be given. 

Cotton is jiow dyed by machinery, in the condition of “ flock ” 
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or waste; also g,s sliver, slulibing and rove, hanks, beamed 
warps, und to a very large extent as cops and yarn. Wool is 
dyed loose (for woollen yarn), as sliver/ (for worsted yarn), cops, 
quick-traverse bobbins, and most of all as yarn. 

The machines may be of open or closed type. The. circula- 
tion of the dye liquor is maintained by pumps, gas pressure 
or suction, steam pressure, vacuum, and centrifugal force. 
Vacuum and steam pressure are employed with sulphur and 
vat dyes from which it is desirable that air should be excluded. 

'Hie dye-stulfi used must be readily Soluble in order that no 
solid matter may be deposited on the material, and to facil- 
itate the process* Consequently, basic and mordant dye-stuffs 
are not ruitablo for machine dyeing ; nevertheless, cops are 
dyed Turkey-red, though the work is only carried on in one 
establishment. 

Both the material to be dyed and the watei; used should be 
quite clean, to prevent the risk of any precipitation on* the 
fibre. Even the presence of lime (in very hard water) may in 
some cases result in spotting (precipitation of the lime by the 
alkali in the bath), for instance in washing goods that have 
been dyed with sulphur dyes. For similar reasons, copper and 
chromium should not be used together in the after-treatment of 
sulphur dyes. 

Broadly speaking, the advantages of dyeing by machine are 
as follows : protection of tho material, which is kept soft and 
open ; possibility of using stronger dye liquors, thus saving 
steam, water, and dye; and the redaction to a minimum, or 
entire suppression, of slow and costly hand labour. Machine 
dyeing is particularly valuable for treating cops, the spinning 
frame being so arranged as to build the yarn automatically into 
i the form in which it is fnost suitable for weaving. To dye the. 
Warn hi hanks it must be reeled, dyed, and then re-wound into 
teops, a method entailing much hand labour and involving in- 
creased risk of breakage. 

Further advantages of these cop-dyeing machines are their 
Higher working capacity, and the possibility of employing softer 
yarns, which therefore fill up the fabric better. 

Dyeing machines are mostly made of copper, iron being used 



for sulphur dyes. The chief point to 1)0 considered in ttieir 
construction is to ensure uniform resistance throughout to the 
dye liquor circulating through the fibrous material, in order 
that all parts of the latter may come into uniform contact with 
the dye. If this condition is not fulfilled, irregular dyings 
may easily resylt. 

The machines may he divided into two classes: pack 
machines and skewer or carrier machines. The running costs 
of both kinds are about the same, but tin* former type can deal 
with larger quantities a time and allows stronger dye liquor 
to be used (about 1 : .‘3 as compared with l : 10). The pack 
system is the more widespread, hut tilt* carrier system is the 
better, being free from the great drawback of tht pack system, 
viz. the necessity for using packing material. Moreover, the 
cops cannot he forced out of shape ; h*ss motive power is 
needed, the liquor being able more easily to penetrate the thin 
layers of material and dye them right through ; and dyeing to 
match shades is easier, the machine being usually open, and 
thus enabling a sample to he taken out for inspection without 
hindering the work. ^ 

Finally, the pack system offers the advantage that the dyed 
cops can he drained on the spindles (p.g. by aspiration \ thus 
assisting oxidation in the case of the sulphur dyes. Thisr-airnot 
be done with tjje pack system, centi ifuging being necessary/ 

On the other hand, the carrier system has several drawbacks, 
including the fact that one* is restricted to a definite form of 
winding, and the mach’qp is liable to work irregularly through 
the holes in the spindles getting clogged up. Thj cops have to 
be skewered very carefully by skilled labour, or a good deal of 
waste may result, especially when the noses of the cops are 
readily damaged. # # 

In working the pack system, the chamber of the macifine is 
first lined with a soft cotton fabric (molton), which of course must 
be thoroughly clean, a special cloth being used for each colour. 
For light shades and for dyes which are difficult to equalise 
(e.g. blue sulphur dyes), the cops are packed under strong 
pressure. A general rule is to pack the edge highest. When 
wool is beiyg dealt with, it must not be forgotten that this 
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material 'swells np in dyeing." Loose wool, too, must not be 
too firafly pressed or its spinning properties will be impaired. 

In cop dyeing, the form of the spindles or skewers, and the 
kind of material of which they are made, play an important 
part. Spindles of the sectional shape represented in Fig. 33 
are found to answer ve^y well. They 
may he made of rubber, wood, iron, 
lead, brass, etc. Rubber is expensive, 
and only the best quality should be 
used. If wood be employed, separate 
spindles must be used for each colour, 
because the wood itself gets stained. 
Hard wood is the only really suitable 
kind. The general use of metal 
spindles is frequently precluded by 
the character of the metal, brass being unsuitable for sulphur 
dyes, and iron for acid liquors. Lead is generally an- ad- 
vantageous spindle material, being flexible and also easily 
cleaned with sulphuric acid. But, as it marks the material 
with which it is placed in contact, it cannot be used in dyeing 
light colours. 

The paper of the shells on which the cops are wound, must 
not be coloured or loaded, and must contain as little size as 
pot&ible. 

In machine dyeing, the readily soluble acid dye-stuffs are 
well adapted for wool, and most of the substantive dyes for 
cotton. Tho method is also favourably for dyeing with* sulphur 
dyes, beoauso.in such case cheaper machines, of iron, can be 
used. A perfect result, however, is difficult to obtain, and is 
possible only when the oxidation of the dyeing is not allowed 
to proceed too quickly. c 

o 

The Mommer Cop-Dyeing Machine. 

r 

The principle of this apparatus (Fig. 34) is as follows : The 
cops to bo dyed are formed into a block which presents the 
same resistance in every direction to the bath liqupr. This 
block, a, is formed by placing together a number of frames in 
which the cops, mounted on heavy spindles, are* arranged in 
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parallel rows. Each frame then represents a porous watt of 
cops, through which the bath liquor can penetrate jvithout 
difficulty. The block placed between the two perforated 
partitions c in the closed air-tight chamber b , into which the 
bath liquor is forced by the pump c from the vat d , through the. 
pipes / g, according to the way the taps It i are set, £o that the 



liquor traverses the block either from right to Teft or vicc+versd. 
In the position of the taps as shown in the figure, the liquor 
passes through the tap h into the chamber b, tfkverses the 
block b , and returns through the pipe k to the dye-vat d. The 
taps can also be set so that the liquor enters the chamber b 
through the pipe g and the tap i, and, after traversing the block 
of cops c, escapes through the tap h and pipe l to the vat d. 
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* Froth Dyeing. 

Mention may be made of a special method of dyeing intro- 
duced by C. Wanke of Zwickau, who'lfound that slivers which 
cannot be dyed by immersion in hot dye-baths will take 
the dye well if entered in the froth of a soapy bath liquor. 
Apparently, the film enveloping the bubbles o * froth absorbs 
the thin stratum of air and water in contact with the surface 
of the ftbre, ft nd thus enables the dye solution to penetrate. 

The Selection of Dye-Stuffs for Dyeing. 

The kind of dye-stuffs to use for producing a particular colour 
depends Jioth on the nature of the fibre and on the form in 
which it is to be dyed, and finally also on the requirements ex- 
acted of the colour itself. 

Cheap dyes will be chosen for cheap goods, and dyes fast to 
light for goods that will have to be exposed to the light a good 
deal. In dyeing loose wool the prime consideration is fastness 
to milling on the part of the dye, whilst in dyeing yarn and 
piece-goods the equalising properties must chiefly be borne in 
mind. In short, the dyer must not only be in a position to pro- 
duce a giv'jn shade of colour in dyeing, but he must also have 
an accurate knowledge of the behaviour of the various dye-stuffs 
anJ^ their combinations towards the influence of light and the 
various other agencies (see Tests for Fastness) that may have 
to be encountered. 


Silk- Dyeing." 

Silk is dyed in the hank form almost exclusively, very rarely 
.loose. Hand in hand with this operation goes that of loading, 
which is almost the Aoi 3 important of the two. 

It. is only in exceptional instances that special requirements 
in respect of fastness are exacted of silk-dyeings. The dyes 
most suitable for*the purposes of the silk-dyer are those enabling 
him to produce all imaginable shades of colour in a rapid and easy 
manner, with perfect equalisation, the chief qualities being good 
capacity for equalisation and combination. In comparison with 
wool and cotton, the number of dyes employed is remarkably 



small, and these mostly belong to the group Of acid d\es, the 
following being most in use 

Greens: acid green, nnilachite green, milling green B\V|ln. 
alizarine cyanine green (By.). 

Yellows: quinoline yellow, citronine, azoflavine tt, Indian 
yellow, thioflavine T, chromine (1 : naphthol yellow and picric 
acid are often employed for shading in the brightening bath. 

Orange : orange 11, 2R, T, (IT, IV : croceine orange, eoune S 
(ex. yellow). t 

Brown is almost entirely obtained by the combination of 
suitable colours. 

Reds: Several ponceaus, croceine scarlet, az6grenadine, eosa- 
mine, fast red, Bordeaux, cloth, red, azofuebsine, acid fuchsine. 
irisamine, rhodamine, phloxine, primrose, Magdala-red. 

Violets : acid violet, methyl violet, formyl violet, Victoria 
violet. • 

Blfies : alkali blue, marine blue, methyl blue, patent blue, 
cyanol, formyl blue, Victoria blue, new Victoria blue, alizarine 
saphirol, alizarine astrol, induline. 

Of these the most suitable for combination are citronine, 
orange IT, fast red, rhodamine, phloxine, methyl violet methyl 
blue, and marine blue. 

Colours fast to water are obtained from citionine, roecell um, 
and marine blue* by solidification after dyeing. 

For colours to stand soa]), the dyes most frequently used aie 
a few alizarine reds (powder), alizarine orange, cmruleine, gal- 
leine, and a series of other ntordant dyes which have already been 
mentioned, and, as stated, can in many cases be advantageously 
replaced by substantive and sulphur dyes. • 

Black, the most important ^lye for sijk, # is mostly obtained 
with logwood and also to some extent with ©the* dyes, such as 
naphthylamine black 4 B, or Diaminogene B ((!, diazotised and 
developed). • • 

Wool -Dyeing. 

Wool is # dyed in the loose state, as sliver, yarn, and in the 
piece after weaving; sometimes also in two stages of manufac- 
ture, e.(j . by vaptting in the loose state and topping in the piece. 
* lb 
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Of all fibres' wool is the hardest to damp, and is therefore 
best dyed at boiling-heat. Consequently, dyeing in the vat, an 
operation performed at medium temperatures, affords a very 
sharp test as to the capacity of any sample of wool for absorb- 
ing dyes: 

The chief dyeings for wool are blue, red, and black. A very 
large number of dyes, singly and in combination, are used, the 
most' popular and suitable of which will now be described, with- 
out any claim .being made to absolute completeness. 

Green. — A number of bright shades, bearing the name 
“ billiard green," are produced on woollen cloth. Formerly 
these were obtained from fustic, indigocarmine, and alum (in 
a single bath), but nowadays aqid green, cyanol green, or patent 
blue is used along with some yellow dye, such as quinoline 
yellow, fast yellow, tartrazine, etc. A particularly pure green 
is furnished by patent blue N and quinoline yellow. 

Washing greens are produced from brilliant milling gfcen 13 
(C.), fast acid green (M.L.Br.), diamond green 3G, B (By. for 
dark shades) ; from patent blue and milling yellow 0 (C.) ; an- 
thracene blue WG extra; and alizarine yellow GGW, or mordant 
yellow ; latterly also with alizarine saphirol, alizarine pure blue, 
or anthracyanol R, as blue components ; finally also with aliz- 
a,ino cyanine green (By.). 

A series of dull olive-green tones are produced by combina- 
tions of rod, blue, and yellow, e.(j. with chromotrope, azo acid 
yellow, and patent blue; or with ponceaus, a yellow and acid 
green ; or, finally, with fustic and logwood. 

A very dUrk, almost black, fast green is obtained by dyeing 
the loose wool wittr fustic and alum, and then vatting ; or by 
dyeing with diamond (green BBS, or alizarine viridine (suitably 
shaded), followed by chroming. 

Yellow. — Bright shades of yellow are obtained with quinoline 
yellow, naphthol yellow, tartrazine, the fast yellows, etc. ; all 
these dyeings, however, are incapable of withstanding washing, 
and, except the two last named, are fugitive to light. They 
Are employed for equalising (trimmings for uniforms) and for 
many yarns. Faster dyeings are obtained by means of milling 
yellow 0 (C.), sulphone yellow, and with quercitron, or flavine, 
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on tin-alumina mordants. The two lnttor dyes reduce the 
milling fastness of the wool. A beautiful yellow that will com- 
pletely withstand carlx)i\sing can be produced by dyeing with 
alizarine yellow GGW (M.B.Br.) and potassium bichromate in 
a single hath. * 

Anthracene yellow C (C.) gives a very clear yellow, of green- 
ish tinge, ^furnished by dyeing in an acid bath and then treating 
with chromium fluoride. • 

A series of dyeings more or less fast to millin^can be obtained 
with alizarine yellow oG, chrome yellow, diamond yellow, 
salicii^ yellow, Domingo chrome yellow, milling yellows G and R 
(Leonhardt), chrome last yellows (1 and 2G fSoc. ('hem. 1 mi., 
Basle). * 

Dull greenish-yellow colours are produced on loose wool by 
galloflavine, or cceruleine and fustic, on chrome mordant; on 
yarns and piece*goods by an orange and an acid green (fast to 
alkafi) or blue. 

Orange is produced with one of the orange acid dyes, or with 
a ponceau and one of the yellow dyes already mentioned ; with 
sulphone orange, or milling yellow 0 and diamine scarlet. For 
fast dyeings, cochineal and flavine were exclusively used at one 
time on tin mordants; if duller shades are desired, flav ; ne is 
replaced by quercitron, and a tin-alumina mordant is used. 
Mizarine orange G, GG, and W, will also stand milling fairly 
well. 

Reds. — The chief shades of this important colour are scarlet 
and madder red (a duller brownish-red). For fast scarlets use 
is made of cochineal on tin mordant; for fugitive kinds, the 
various ponceaus and croceine scarlets. * A bright red is ob- 
tained with rhodamine and ar^orange d^e. Madder shades are 
produced with fast red, cloth red, naphtbamine fast red II, 
anthracene red, anthracene chrome red II, chrome fast red, 
and with substantive dyes, the fastest kinds bein^ obtained 
from alizarine. 

It should be mentioned that considerable divergence exists 
in the fastness of the various ponceaus, a circumstance still 
insufficiently known and appreciated in practice. Some of 
these dyes afce just as fast to light as cochineal ; but without 



i 

292 THE CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 

exception their fastness to milling is not good, since all of 
them bleed into the white during that process, though even in 
this particular differences exist. Alk'of them have a greater 
capacity for penetrating the fibre than cochineal — the palatine 
scarlets in particular. 

The fastest to light of all the ponceaus a v e the palatine 
scarlets (B.A.S.F.), the Victoria scarlets (M.L.Br.)^ brilliant 
ponceaus, 4KS, 3K, 411 (0.), a few marks of brilliant croceine 
(C.), croceine scarlet R (By.), croceine 3B, RX (By.), etc. 
The palatine scarlets are identical with dyes sold under other 
names; palatine scarlet A, for example, being the same as 
Bayer’s cochineal scarlet PS and Cassella’s brilliant cochineal. 
Those fflrnishing the more bluish shades are ponceau B extra 
(MJj.Br.), scarlet B (By.), new red 5R (By.), a few B marks 
of brilliant croceine (C.), etc.; ponceau B extra and scarlet B 
being the best as regards milling fastness. These two can 
be used for goods that are to be milled, but must then be r dyed 
by the aid of tin chloride and potassium bitartrate ; and the 
milling must be conducted with care. Colours that will stand 
sulphur are furnished by. c.<j. ponceaus 2R, 3R (M.L.Br.), and 
the cheap double ponceau 4R (By.). 

The best means of producing, on loose wool or yarns, colours 
th«t faill not bleed into the white when milled, is by the em- 
ployment of a red substantive dye. The most-suitable for this 
purpose are : delta purpurine, diamine scarlet (dyed with am- 
monium acetate and acetic acid), fast diamine red, emin red, 
benzo fast red, fast scarlet (By.), milling scarlet 4RO, 4R, cone. 
(M.L.Br. dyed with acetic acid). Many of the substantive dyes, 
like delta purpurine, fast diamine red, etc., are also fast to 
sulphur, an essential condition for goods that are to be sulphur- 
bleached. 

T^e fastest red on wool is produced by means of alizarine 
(powder) on a mordant of alumina, chrome, and tin. For a 
madder red these mordants are used in the following propor- 
tions : — 
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A colour of fhe saint? appearance can, it is true, be obtained 
with alumina and alizarine alone, but is not thoroughly fast to 
milling, though it may be rendered so by dyeing with ufldition 
of calcium acetate, tann'n, and soap (B.A.S.R.).® 

Austrian cavalry trouserings are dyed a fast milling red with 
anthracene yellow, topped with this indigo red . 

Of course this by no means exhausts the list of jvil dyes 
applied in practice to wool, other shades (crimsons) resembling 
fuchsine, of a fugitive character, being produced on piece-goods 
with fuchsine, fast ones with fast acid violet A 2 It (M.R.Br.), or 
cheaper onefrwfth azo acid fuchsine and similar dyes. 'This 
indigo red B gives fast shades. 

Rose Red is applied only to woollen yarns and piece-goods, 
the dyes used being cochineal, with tin mordant, rhodamine— 
and also other cosines, when the shadf? requires. Diamine rose 
(C.) is also suitable for this purpose. • 

Alizarine rubinol R (By.) can be recommended for fast dve- 

* » 

ings. < • 

A series of red dyes are used for combination dyeings, the 
chief consideration being their levelling properties. Azocar- 
mine is a red whioh dyes evenly, but has been displaced to 
some extent by azo fuchsine 0 (By.), although the latter cannot 
resist alkalis. If a red that will dye level below*boiling-j>oint 
is required, azo acid violet (By.) is taken for bluish shades; 
Bayer’s azogrenadine L, nnphtfhol red ori’ictoria rubine (Hochst); 
or Dahl’s azocoralline, for yellow shades. * * * 

Other even dyeing reds used for combined work are: chromo- 
trope (fast to light), azocardinal G (Akt.), Guinea reft 4R (Akt.), 
and the very fast alizarine rubinol (By.). 

Bordeaux is produced, as a dark* shade, fast to milling, on 
loose wo(U and on yarn by means of alizarine and chrome mor- 
dant. This colour bleeds slightly, but can be improved in this 
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respect adding copppr sulphkte to the mordanting bath. In 
piece dyeing this colour is mostly obtained with aniline dyes, 
various fast reds — among which specif mention is deserved by 
the extremely powerful fast red 0 (M.L.Br.) and the cheaper 
fast red NS (By.) — or with the acid of levelling dyes like chromo- 
trope, azocarmine, etc. A Bordeaux very fast to light can be 
obtained with alizarine rubinol B (By.). , 

A bright Bordeaux, very fast to light, can be obtained by the 
aid of fast acid violet A2R (M.L.Br.), chromotrope 2R, orange 
C, and a blue. 

A Bordeaux that is faster than can be obtained from aniline 
dyes, and of a shg,de not obtainable with alizarine dyes, is fur- 
nished by mordanting with alum, tin salt, and potassium bitar- 
trate, dyeing with cochineal and madder, and darkening with 
archil according to requirements. This combination, however, 
is now very seldom used. 

Blue. — This is perhaps the most important of wool colours, 
and is produced in a variety of ways. 

For medium and dark blues, indigo is the first dye to be con- 
sidered, because it furnishes the fastest dyeings, or the so-called 
“fast blues”. The wool is dyed in the vat both as loose wool, 
yarn, and in the piece, though, owing to the difficulty of obtain- 
ing proper equalisation by this last means, it is a general custom 
to hi ue wool in its loose state. “Semi-fast blue” is produced 
in two ways, the vat-bluod pieces being either boiled with santal, 
or first mordanted with alum, copper sulphate, and bitartrate, 
and then dyed with logwood, as already described. The blue 
obtained with^the aid of sandars is much faster than that topped 
with logwood. Vat blue, topped with thioindigo red B, gives 
a fast blue with reddish tinge. Vat blue is also frequently 
topped with methyl vidlet or an aniline blue, to improve its 
brightness, or bottomed with azofuchsine (By.) or fast acid 
violet R (M.L.Br.) to save indigo. 

Wood blue, which was formerly very popular for dyeing in 
the piece, has largely gone out of use by reason of its fugitive 
character, being replaced by the anthracene blues (especially 
WG ex.), the alizarine cyanines, alizarine blue, brilliant ali- 
zarine blue (By.), sulphocyanine, Anthracene chrorne blue, fast 
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mordant blue B (M.L'.Br.), sal kune blue (Kalle), various dust 
blues, brilliant cloth blue (Kalle), lanacyl blue ((\), Domingo 
blue R (L.), etc. Othei dyes employed for bright blue are, 
brilliant milling blue R (Tl) and milling blue 2R ex. (M.L.Br.): 
which, when used with acetic acid, give dyeings that will stand 
milling well. • 

The aythracyanines (Bayer) are very fast to light, and d\e 
level; and their properties are often mutually complementary, 
so that one may suit one particular purpose whilst anoilfhr may 
prove better adapted f o meet different conditions. For ex- 
ample, sulphoeyanine gives indigo shades that will stand wear, 
but not steaming. 

A number of blue dyeings, known under The i.ainys “ navy 
blue,” “ Tegethoff blue,” etc., are most easily produced with 
acid violet and acid green, or faster with logwood, acid violet, 
iron and copper mordants, and oxalic acid, in a single* hath. 
Indijlines are also used in combination with logwood, by mor- 
danting as for wood blue, and then dyeing. 

The so-called “potash blue,” formerly produced with logwood 
and ferrocyanide, is now most frequently d)ed with patent blue, 
acid violet, and a small quantity of ofrangc. 

Bright light blue dyeings are produced- genorallylon yarns - 
with alkali blue, or the somewhat faster (to milling) alkali \ iolet, 
whilst perfectly milling-fast blue is obtained by combining a3x*ali 
violet and milling yellow O (C.). Lighter tones arc preferably 
produced with Victoria blue, or, if required somewhat greener, 
with patent blue, etc. 

A number of dull paletdue to grey shades, known as “ pearl,” 
etc., are dyed with patent blue and an easily equalising acid 
violet, and, if necessary, shaded with yellow. In the case of 
alizarine blue, anthracene bfown, cmmileine, etc., arc used for 
shading, the same dyes being used for shhdifig after alizarine 
cyanines and chromium fluoride in a single bath; also by blue- 
ing in the hyposulphite vat or thioindigo red B ; and topping 
with alizarine cyanines and chromium fluoride, with alizarine 
saphirol, with fast acid blue R (M.L.Br.); less fast dyeings 
with patent blue or with indigocarmine and archil (rarely 
nowadays), ftc. Similar fast shades are obtained with alizarine 
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blueJjlack/B and 3B, and with anthracene chrome blue, toned 
with acjd anthracene brown. 

On loose wool a fast grey, of a s^ade unobtainable with 
alizarine dyes, is produced by blueing'in the vat, topping with 
fustic and sumach, and darkening with iron. 

Violet i h met with either as very vivid violet or as purple. 
Bright, but fugitive, dyeings of this class are 'produced with 
methyl violet or acid violet ; darker, duller, and faster shades 
with galleine, lanacyl violet, fast acid violet, or alizarine Bor- 
deaux, and the fastest of all with alizarirje and alizarine blue on 
chrome mordant. 

So-called purples are most frequently produced, on piece-’ 
goods, by topping vat blue with chromotrope or a ponceau, or 
with cochineal and alumina-tin mordant. These dyeings are 
also frequently produced on yarns and piece-goods with an acid 
violet or a good equalising red and blue dye. 

Drab. — This colour is obtained solely by the' combinatioji of 
red, blue, and yellow, a distinction being drawn between aniline 
drab, alizarine drab, and dye-wood drab, according to the class 
of dye used. 

Though deficient in fastness, the aniline drabs exhibit special 
advantages ' for piece dyeing, and play a great part in that 
branch. Their chief superiority consists in the ease with which 
the-yesired shade can be obtained, and in the possibility of dye- 
ing in a perfectly uniform manner goods that are impure or 
contain different wools, more satisfactorily than with alizarine 
or wood dyes. Only such dyes as equalise well are used for 
* this purpose, most frequently the following: 1. Beds. — Azo- 
fuchsine, azocUrmine, lanafuchsine, archil N (C.), azogrenadine 
S (By.)^azoarchil B B (C.), amidonaphthol red (M.L.Br.), mono- 
pol acid red 4B, azophlpxino 2B (By.), alizarine rubinol (By.), 
otc. $. Yellows . — Fast yellow, lightproof yellow (By.), acid 
yellow AT (C.), quinoline yellow, tartrazine, azoyellow and 
allied yellow, together with various acid orange dyes. 3. 
Blues . — Patent blues and cyanines, cyanol, fast green (blue 
tinge — By.), wool green S (B.A.S.F.), cyanol green, fast cyanol 
green (C.), alizarine saphirol B, SE, alizarine astrol, alizarine 
emeraldol (By.), etc. 



Up to within recent* years, drabs to stand light could ntrt ho 
produced with acid dyes, because* the dyes themselves were not 
in existence. True there were several fast reds and yellows, 
such as : chromotrope, azofuchsine, fast yellow, and tartrazine; • 
but, for blues, only the fugitive greens and blues of the tri- 
phenyl-methane series were available. Now. however, there 
are numerous Very fast blues of the anlhraquinouc series well 
adapted for this purpose. For example, a very fast drab is ob- 
tained by dyeing with alizarine rubinol B, lightproof yelTow and 
alizarino saphirol. » 

Aniline drabs are liable to change their colour, more especi- 
ally when the yellowing has been effected with an orange dye. 
The combination of chromotrope, cyanine or cyan^l, and a 
yellow like azoyellow, least exhibits this tendency, and is also 
advantageous in other respects. Another peculiarity exhibited 
by light drabs is the phenomenon of “ insolation,” whereby the 
yellow entirely disappears on exposure to strong light, and thus 
alters the shade completely. In the dark the original colour 
reappears. This peculiarity is probably due to the lact that 
the goods become drier in the light, and is especially notice- 
able in the case of fast yellow and mfltaniline yellow. 

The paler wood drabs (with logwood, fustic, and redwood) are 
mainly produced in the wool, by tin; single-bath da»ju ning 
method. For dark shades, wood drab is previously mordaiXed 
with chrome; fmt this is seldom practised, since the dye makes 
the fibre hard. Finally, alizarine drab is most frequently em- 
ployed for fast drab in piece dyeing, and for dark drab shades 
dyed in the wool. It is produced by mordanting with chrome 
and dyeing with anthracene blown (suitably toned with other 
mordant dyes); or by the single-bath method 'followed by 
chroming) with anthracene *icid brown (C.), acid anthracene 
brown (By.), or acid alizarine brown (M.LMir.}; by combining 
anthracene chrome red or acid alizarine red, with anthracene 
yellow, diamond llavine, mordant yellow and "anthracene 
chrome blue, acid alizarine green G (M.L.Br.j, or alizarine 
blue-black (By.). * 

Browft. — For piece dyeing and hatting felts anthracene 
brown is still largely used ; but for loose wool and yarn, acid 
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anthracene and acid alizarine ‘browns are mostly employed. 
Cassellais anthracene chrome brown SWN is distinguished by 
fastness and level dyeing. < 

In piece dyeing the production of wood brown, finished by 
darkening is still largely practised. For the reasons named in 
connection 'with drab dyeings, the last-named dye is unsuitable 
for loose wool; it is, however, still used, though santal c must be 
replaced by alizarine orange (eventually by alizarine red or 
cloth ml). The same aniline dyes that are used for drab also 
find employment for brown-dyeing piece-goods. 

Black. — For the production of this important colour, the 
following shades and dyes come under consideration : Log- 
wood, various acid blacks and a whole series of black mordant 
artificial dye-stuffs, all of which are fixed on the fibre by after- 
chroming (with or without addition of copper sulphate). 

The logwood blacks differ considerably as regards their fast- 
ness to light, according to the method of production employed ; 
chrome black is fast to acids, but not to light, though in this 
respect it is improved by the addition of copper sulphate; iron 
black is specially fast to light, but very sensitive to acids. As 
a rule, the logwood blackk have a great tendency to rub off. 
Iron black still remains one of the best blacks for wool, on ac- 
count jpf its excellent equalising powers, coveripg power, and 
fatftiLss to light. In some instances it is impossible to dye 
dirty and nopped fabrics black except with logwood ; and few 
of the above-mentioned dyes can equal it in fuluess and beauty 
of colour. In the case of very dense shades, how r ever, logwood 
givos a rather brownish-black, and better results are furnished 
by naphthylamine black 4B. 

Logwood is still largely used, especially as chrome black, in 
dyeing yarns and as a single-bath black in piece dyeing. 

The* black acid dye-stuffs, such as naphthol black, naphthyl- 
amine black, etc. — most of which are fast to light 1 — are largely 
used on account of the simple manipulation required and the 
fact that careful washing after dyeing is unnecessary ; and they 

l The opinion hold in practice that all these acid blacks are equally fast 
to light is incorrect, many of them, such as palatine black, azo acid black t 
etc., being fugitive. 
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are more particularly employed for piece-goods Containing 
cotton threads which are desired to remain white aftcrtlyeing. 
For the most part, hoVever, they do not sufficiently resist 
milling, and many of them are only used on account of their 
cheapness. Naphthylamine black 4B and Bielnich patent 
black 4AN, 4BN, find extensive application. Fine worsted 
suitings are often dyed with naphtlnl blue-black N (( \) com- 
bined with sumach extract, copper sulphate and ferrous sulphate. 
Latterly, however, these dyes are used far less, better-class 
goods being mostly dy. d with diamond black ^md other black 
mordant dye-stuffs. 

In the dyeing of loose wool and yams, tl^e handsome iron 
black was the first to be; displaced by other blacks* such as 
logwood chrome black, diamond black (By.) and alizarine black 
(B.A.S.F.), because it hardened the fibre. Diamond black bus 
now been admirably supplemented by the introduction of tin* 
marks PV, PVB, P2B, which an* distinguished by their fastness 
to “potting”; Alizarine black offers great resistance to acids, 
and is less subject to detects liable to occur in dyeing especi- 
ally in after-chroming. 1 

It would almost seem as though, in this cast*, the potassium 
chromate does not act as a mordant, since satisfactory fastness 
to light can bu obtained by merely steaming alizarine bhudUhat 
has been dyed jn an acid bath. Against these ad vantages, *hc7w- 
ever, is the drawback that alizarine black easily rubs oil wool, 
thus causing numerous inconveniences in spinning. 

Of the*newer black mordant dyes, anthracene chrome black, 
PF, PF ex., PK, PF2B. PF11 ex. (Dassolla) deserve special 
mention, being nearest to logwood black in tone and not at- 
tended with the defects of the blacks mentioned alxwe. Ibis 
black is allowed, in the specification Gf the Prussian military 
authorities, for dyeing uniform fabrics. # ® 

The following black mordant dyes have also been found good in 
practice: acid aniline black (M.L.Br.), anthracene acid black 

1 Defects may, however, occur even with this dye, when further hatches 
are dyed % in a bath that has been used for after-chroming. This can 
nevertheless :>e done in the case of anthracene chrome black and acid 
alizarine blacjf. 
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ST, SR, SB, 13, etc. (Cassella), s&licine black T, WT, D (Kalle), 
fast chrome black (A.G.F.A.). 

On account of its good levelling properties, alizarine blue- 
f black B (Bayer) is largely used as a black in mixed dyes. 

• Cotton -Dyeing. 

Cotton is dyed in the loose condition, as yarn, warps, cops, 
and in the pioce. In the case of this fibre it is a still more 
difficult* task than with wool to give all the various dye-stuffs 
and combinations psed, chiefly by reason of the very large 
number of direct dyes now so extensively employed for cotton. 
Consequently, the subject can only be treated in an indicative 
manner. „ 

In the first place, it should be mentioned that nearly every 
dyeing on cotton can be performed in three ways — with tannin 
dyes, with direct dyes, and with mordant dyes. Yat and ice 
dyes aro used for special purposes. # 

Qreen. — This class of colours is produced with a basic green 
dye (brilliant green, malachite green, etc.), either alone or 
shaded with chrysoidine — or handsomer and faster with aura- 
mine. -.Other shading dyes are also used, such as thioflavine 
T, the various phosphines, vesuvine, etc. Blues like methylene 
blue, Hile blue, etc., may be used with auramine to produce green. 
OTtfcj substantive dyes, thiazolo yellow (By.) or thioflavine (C.) 
may be combined with diamine pure blue (C.) or benzo pure 
blue (By.), for bright, but fugitive dyeings. Faster bright 
shades are obtained, c.ij. by dyeing with diamine pure blue FF 
and diamine fast yellow, followed by coppering. 

Diamine green (0.) lias been found very good for medium 
greens,. but must be topped with a basic green dye to brighten 
up the otherwise very dvll appearance of the colour. 

A g<nd olive is obtained by dyeing with diamine green, di- 
amine fast yellow and diamineral brown, followed by treatment 
with chromium fluoride. 

The combination : Katigene green (immedial brilliant green) 
and katigene yellow gives' a bright green; and katigene olive 
a good olive-green, c 

A fast, bluish-green is obtained with viridanthreno J3 (B.A.S.F), 
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and a fast olive by olivanthren* (B.A.S.F.). The combination 
of quercitron with a basic green dye-stuff gives a bright and 
fairly fast green, which^at one time was largely used for piece 
dyeing. 

Different, moderately fast olive-green shades can be obtained* 
chiefly on lo^se cotton, by the use of logwood anil fustic or 
quercitron, with or without catechu and basic dyes. 

Yellow. Pure last yellows art* produced on cotton with 
quercitron and alumina mordants, on piece-goods, but* chiefly 
# with chrome yellow in the case of yarns, hess fast, though 
still fairly so, are the colours produced with various \ellow direct 
dyes, such as chrysamine (which is cheap, but not fast towards 
alkalis), and the faster chloramine yellow (By.), fas^ diamine 
yellow (C.), chrysophenine (By. Act.), diamine golden jellow (C.) t 
Mikado yellow (1 jeonhardt), etc. Fugitive greenish-yellow tones 
are furnished by thioflavine, thiazole yellow, etc. ; faster shades 
with auramine. Yellows fast to washing are obtained with 
katigene yellow (By.), tbiogene yellow (M.B.Br.), immedial 
yellow D, GG (C.) ; and shades that will stand chloring, with 
primuline (after-chlored) and flavanthrene G. Brownish- 
yellow shades, known as chamois, n'mkeen, etc., were formerly 
produced with fugitive basic dyes — chrysoidine pho&phine -hut 
nowadays better with chrysamine toluene yellow, toluene prange, 
etc. Iron chamois' which is very fast, except to acids, iTT> w 

very little used. Khaki shades, so popular of late years, are 
best obtained with sulphur dyes. 

Orange. — A perfectly^ast orange is produced, chiefly on yarns, 
with orange chrome, and with alizarine orange on piece-goods. 
Of the substantive orange dyes, Mikado orange, chloramine 
orange and toluylene orange may hr mentioned on account 
of their fastness. Of the ba^ic dyes, mention may he made of 
tannin orange R (C.), and of the sulplnir tlyes, thic/*orange 
(M.L.Br.) and immedial orange, which give dull shades, fast to 
washing. # 

Red. — The fastest red on cotton is tin; Turkey-red produced 
4>y the old process, the so-called old red”. The new red, 
chiefly provluced on yarns and pieces, is also very fast, though 
not equal tg the old red. 
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T?arge tjuantitjes of t cotton * are dyed of late years \yith 
j>nitraailine red (especially piece-goods), the various benzo- 
purpurines, rosanthrenes, benzo fast r # rfd, diazo brilliant scarlet 
and the acid-proof trona red (By.). For many purposes the 
fairly fast diamine fast red and primuline red (which stands 
washing) are also used. Finally, red dyeings # are frequently 
obtained with fuchsine or safranine with or without a yellow dye 
(auramine, chrysoidine, etc.), especially for cotton in mixed 
wool and cotton fabrics. 

Rose- Red. — The handsomest of these colours on cotton is 
that furnished by rhodamine. and a fatty acid salt of alumina 
or with irisaminy G (C.) fixed with tannin ; the fastest by 
alizarine# When alizarine cannot be used, it may be replaced 
by erica (Act.), brilliant geranino (By.), diamine rose (C.), etc., 
all of which yield colours that will stand washing. The fast- 
ness of these dyeings is improved by the use of rosanthrene, 
benzo fast red and pink, and thioindigo red. • 

Bordeaux. — A fast Bordeaux is produced by combining 
alizarine with methyl violet or rubine, or with alizarine, log- 
wood, quercitron, and alumina-iron mordant, on piece-goods. 

Nowadays the following' dyes are also used for this purpose : 
alizarine Bordeaux, thiogene purple, thiogene dark red R, im- 
medial Bordeaux G., various combinations of substantive dyes, 
suchras primuline red and diamine black, primqline developed 
with Bordeaux developer, diamine Bordeaux, and a combination 
of safranine, methylene blue and auramine. 

Blue. — Vat blue is the fastest and # most esteemed blue for 
cotton. Very^ important are also the blue sulphur dyes (im- 
medial indoine blue, immcdial blue, thiogene blue, thiogene 
cyanine, melanogene blue, katigene indigo, katigene dark blue, 
katigene chrome blue (D$\), and others). In piece dyeing they 
are mbstly used only for light shades ( e.g . thione blue) because 
they oxidise too quickly after dyeing and therefore give uneven 
colours. l/se is also largely made of a number of substantive 
dyes, such as diarainogene blue, Zambesi pure blue 4B, R, etc. 
Finally, indanthrene, cyananthrene, and violanthrene (B.A.S.F.), 
are to be considered for high quality fabrics. Basic dyes, such 
as cresyl blue, diazine blues, indoine, etc., are seldom used 
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except on piece-goods for dischirrge effects, or for pure hluedye- 
ings (methylene blue). Finally, mention may also he jnade of 
Berlin-blue, which is a Vast dye and one still used. 

Violet. — A perfectly fast colour is obtainable with alizarine 
on iron mordant, or with gallooyanme on chrome mordant ; the 
fast alizarine Bordeaux being also used. By itself thh alizarine- 
iron violet is too dull, and must be enlivened by topping with 
methyl violet. These colours are almost entirely confined to 
calico-printing and to dyeing in the piece. A brighfer, and 
fairly fast imitation of alizarine violet is oblaiifud by combining 
safnwiine with methylene blue, methylene violet, and similar 
dyes. Very bright and handsome, though fugitive, violet shades 
are furnished by the various meth\l violet marks. Of Jhe direct 
violet dyes, benzo violet R ( By.), diamine violet (('.), etc., an? 
used, and of the sulphur dyes, thiogene heliotrope, thiogeno 
violet B, \ r , thyogcne. purple, etc. 

Brown. — The most usual method of producing fast browns 
and drabs, chiefly on loose cottons and )arns, is with catechu, 
either alone or in conjunction with other dyes. These are 
often topped with Bismarck brown, to make them brighter. 
Fast browns on piece-goods are also* produced with manganese 
bistre and by combinations of alizarine, quercitron, and logwood, 
though more often with sulphur dyes (immedial brown, k,atigene 
brown, thiogejpe brown, etc.). f inally, also, various JifCct 
brown dyes, chiclly diamine brown M, diamine bronze, toluy- 
lone brown, and benzo chrome brown, are employed. 

Grey is still most frequently produced by alternate immersion 
of the cotton in logwood and iron baths. These dyeings make 
the fibre hard, and have therefore been largely superseded by 
sulphur dyes, various marks of diamine black and similar direct 
dyes. Melanthrene (B.A.S.F.) gives overy good grey. 

Black. — This important colour is now fnostly produced with 
aniline black, and to a lesser degree with direct dyes and log- 
wood. The direct sulphur dyes include the diffe&nt marks of 
diamine black (C.), oxydiamine black (C.), direct deep black (By.) 
direct blue-black (By.), Columbia Ifiack, etc. Less esteemed 
are the Slacks diazotised and developed on the fibre : diamino- 
gene black* (C.), diazo black (By.), Zambesi black (Act.). Of 
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soma importance are the after-chromed blacks : various marks 
of diamond deep black (C.) f diamineral black (C.), benzo 
chrome black (By.), and Columbia t chrome black (Act.) (a 
mixed black), which are fast to rubbing and crabbing (see Fin- 
ishing), and are used to replace aniline black in dyeing half- 
woollen goods, the cotton yarn being dyed black, spun with 
white wool, and the wool topped in an acid bath after crabbing. 

Aniline black is still the best black for cotton. Logwood, 
though of greatly diminished importance, is still preferred to 
artificial dye-stuffs for some purposes, especially velvets, owing 
to its richness and bluish tinge. It is, however, only really, fast 
when produced bv the aid of copper. The sulphur blacks, the 
various makes of which are of equal value, play the most im- 
portant part at present, and are very fast, though not equal to 
aniline black in this respect. Most of the substantive black 
dyes will stand washing, but their fastness to light leaves a 
good deal to be desired, and they have not the same beautiful full 
appearance as the aniline blacks, with which, however, they still 
compete, especially certain blacks (c.y. diaminogene black) diazo- 
tised on the fibre. 

Ramie, linen, and hemp are dyed in tho same way as cotton ; 
jute is dyed'with basic and acid dyes in a weak acid bath, either 
containing alum (2 to 5 per cent.), or oxalic acid (1 to 2 per 
cefit.): The material is entered at 40° C., heated J to boiling, and 
boiled for a half to three-quarters of an hour. 

Dyeing Mixed Fabrics. 

ii 

The term “mixed fabrics" implies fabrics composed of two 
or more different classes of fibres. Formerly these fabrics were 
dyed, in part or altogether, in the form of yarn, but nowadays 
they are dyed in the piece, by one of two methods, either to 
one colour, the different fibres being caused to absorb dyes of 
the same shade, or else “ shot ” effects are produced by dyeing 
the ditferent'fibres to widely different colours, the result being 
the more handsome in proportion as the two colours are com- 
plementary one of the other. 

The suitability of different dye-stuffs for dyeing mixed fabrics 
can be readily ascertained by dyeing small sample. In thie 
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connection it must he borne in miml that not pnly the nature 
of the different fibres present, hut also their relative proportions 
in the mixture, is of importance. 

Dyeing Half- Woollen Goods (Wool and Cotton).- It is 
even now occasionally the practice to dye the cotton in the 
yarn with acid-resisting dyes, then weave it alone with white 
woollen yarn, and dye the wool with acid dyes in the piece. 
For the most part, however, these goods are piece dyed, there 
being two methods of effecting this object. The older plan is to 
dye the wool in the fabfic with acid dyes, whTch, of course, 
leave -the cotton untouched, the latter being afterwards dyed 
with basic or direct dyes In the first cas<* the goods are 
treated with tannin on the jigger, fixed with tartar emetic (and 
iron, if necessary) and finished by treating with a basic dye. 
In order to preserve the wool as much as possible f»om altera- 
tion, the latter process is carried out in the cold. The final 
bath may also he lukewarm, but as the wool always absorbs a 
little of the dye, the shade produced in the first dyeing should 
be rather lighter than that really required. In the case of two- 
colour effects the last dye-bath must be cold. 

This method therefore entails the use of four baths ^ and the 
production of blacks is even more complicated, the cotton hav- 
ing first to be mordanted with iron by treating it with sunwji^ 
fixing with iron,yind treating with chalk ; the wool mordarithd 
next by heating in a bath of potassium bichromate, free from 
acid (to prevent the iron being extracted from the cotton) ; and, 
finally, the whole is dyed wyth logwood. 

A simpler method consists in dyeing the wool fyst with an 
acid black, and then the cotton with iron and sumach. A good 
black is also obtained in half-wool goods by dyeing the cotton 
with a diazotisable black direct dye (e.fi. diazo # black JJIIN), 
diazotising and developing, and then dy ing tin* wool witff an 
acid black. # 

If direct dyes be used for finishing the cotton, the fabric 
should be treated, after dyeing the wool # , in a cold or lukewarm 
bath containing Glauber salt and carbonate of soda in addition 
to the dye. 

Half-wool goods can also be dyed with acid and direct dyes 

20 
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in a singlo ba^h, by taking such acid dyes (e.g. alkali blue) as 
aTe capable of dyeing wool in a neutral or acid bath. 

In the second method the half-wobllen material is dyed with 
direct dyes in a bath containing 2 to 4 per cent., by weight, of 
Glauber salt. 1 This process has the great advantage of sim- 
plicity, inasmuch as a black can be dyed in a single bath, e.g. 
with half-wool black (G.), the only difficulty being In dyeing to 
pattern. 

The behaviour of the direct dyes towards wool and cotton is 
somewhat divergent, some 6i them enabling the two fibres to 
be dyed to an equal depth, whilst others dye the cotton only, 
and are therefore suitable for use in producing two-colour 
effects*. As a rule, the following conditions obtain : in a boil- 
ing-hot bath the wool will take up the more dye and come out 
deeper in colour than the cotton, the converse being the case 
when a low temperature is used. The addition of a small' 1 
quantity of an alkali salt, like soda, reduces the absorption of 
the dye by wool ; and, conversely, the wool is dyed more 
strongly than the cotton when an acid bath is employed. 

The modus operandi is thus practically revealed. The bath 
is boiled and steam in shut off, the goods being then entered 
and worked without heat, until the cotton is of the desired 
sjhude. Steam is then turned on and dyeing continued until 
the colour of the wool appears deep enough. It is generally 
kept a little lighter than the cotton. The after-darkening or 
shading of the wool, which is nearly always necessary, is 
effected with acid dyes, whilst for the cotton direct dyes are 
used, these, drawing better on this fibre than on wool ; or the 
dye may be caused to draw more to the cotton or the wool, as 
is found necessary, by making the bath liquor alkaline or acid. + 

If only the cotton ‘in half-wool goods is to be dyed, this is 
besc done with suitable direct dyes in an alkaline bath. 

The method of dyeing half-wool goods with direct dyes is 
<of special importance in connection with shoddy, which must* 
Jirst be bleached with hydrosulphite if coloured. 

1 Tho calcined salt, though cheaper than the crystals, ft not so good 
for this purpose, since, as a rule, it is not neutral. 
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The sulphur dyes can also he employed for dyeing half-wool 
goods, by patented processes (Bayer, Cassella). # 

Dyeing Half-Silk Gbods (Silk and Cotton).— There are 
two chief methods to he considered in dyeing half-silks — (li 
the silk is dyed first, with an acid dye, to a shade rather lighter 
# than actually required, next the cotton is treated with tannin, 
passed through a bath of tartar emetic, and cold-dyed as quickly 
as possible with basic dye in a fairly concentrated hath ; (2) in 
this case a first dyeing is given with a direct dye, after Vhich 
the silk, which is generally too light, is darkeneckby entering in 
a bath of basic or acid dye. 

This second method has now attained a high degree of practi- 
cal importance, and will therefore he described in detai^ 

A study of the behaviour of the various direct dyes towards 
silk reveals considerable divergences, which, nevertheless, can 
be classified according to certain laws. In the first place, some 
of thase dyes have the property of dyeing silk and cotton in 
different tones, and these dyes are the least suitable of any for 
the purpose now in view. Their affinity towards the two fibres 
in question depends, in the first place, on their nature, and, 
secondly, on the constitution of the d\*e-bath — a greater affinity 
for cotton being exhibited in a neutral bath containing common 
salt, or in a w^ak alkaline hath, whereas in a weak acid bath 
the dye draws better on the silk. Some of the direct dy* 
the reds, for instance — dye cotton and silk almost equally in 
an alkaline bath, which is charged with 5 per cent, of sodium 
phosphate, 5 per cent, of soap, and the necessary quantity of 
dye, the goods being entered lukewarm, then slowly r«aised to 
a temperature a little below boiling — not quite on the boil, or 
"the silk would suffer— and, after turning off the steam, con- 
tinuing to treat in the cooling tiath for another half-hour or so. 

Many other direct dyes, especially such a5 dye cotton best in 
presence of common salt, can be advantageously employed to 
dye half-silks with common salt and acetic acid, provided the 
foregoing precautions be borne in mind. 

^The silk, which is generally rather too light in colour, can 
be brought up to the proper shade by entering the goods in a 
fresh bath containing basic dyes and a* little acetic acid, at 30° 
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td 40° C., or with acid dyes at a somewhat higher temperature 
and with more acetic acid. 

For “ shot ” effects the goods are 1 dyed either by the first- 
hamed method, or else first with a dye that attaches itself to 
the cotton alone, leaving the silk undyed, the latter being 
afterwards dyed in a fresh bath containing acid dyes. 

Black is obtained with either aniline oxidation black or kati- 
gene and other sulphur blacks. In the latter case a lactate 
(Bayer’s process) or glucose (Cassella’s process) Js added to the 
dye-bath, to protect the silk against the highly alkaline sodium 
sulphide. If half-silk goods be dyed with sulphur dyes^Lu pres- 
ence of size, tlje dye does not touch the silk. 

Dyeing Gloria (Wool and Silk) Fabrics. — This method of 
piece dyeing is of recent date, and is one of the most difficult 
tasks the dyer is called on to perform, since it entails an accu- 
rate knowledge of the behaviour of the dyes towards wool and 
silk. 

Here also, as in the case of half-silks, it may happeri that 
a dye produces a different shade on the wool to that imparted 
to the silk. Such dyes are therefore unsuitable for the purpose 
in view. 

The acid dyes are those most in use for this purpose, and 
these, as a rule, dye the wool more strongly thp,n the silk when 
"applied at boiling-heat, the converse being the case at low and 
medium temperatures. 

The following dyes act equally on wool and silk at boiling- 
heat : Indian yellow G.B., fast green, bluish mark (By.), 
patent blue, alkali blue, alkali violet, navy blue B (B.A.S.F.), 
fast blue, greenish tinge (B.A.S.F.), acid violet 6 BN (By.), 
fast acid violet A2B and 10B (M.L.Br. and By.), Bengal-roso * 
(dyed with acetic acid), anthracite black (C.), naphthylamine 
black D, 4B, (iB (0.), gloria black, phenol blue-black 3B (By.), 
etc. The following have a rather stronger affinity for wool : 
light green S,*wool green (B.A.S.F.) ; the acid orange dyes, like 
orange II ; a few ponceaus like palatine scarlet (B.A.S.F.), bril- 
liant croceine (C.), etc. 

On the basis of their affinity for silk and wool, thfe acid dyes 
may be divided into three groups, those given above as having 
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an almost identical affinity for bdth fibres beiiy taken as tile 
first group. To a^second group belong such dyes as chiefly 
dye wool when applied at # boiling-heat, c.j. acid green, extra 
cone. (C.), tartrazine, orange G, a few ponceaus, as mark 2K 
(M.L.Br.), S. pat. (C.)J indigocarmine, cyanine (M.L.Br.), azo 
wool blue C, layafuchsine’SG, OB (G.), etc. Finally, flu* third 
group comprises the dyes having more affinity for silk than for 
wool at medium and low temperatures — azocarmine (B.A.S.F.), 
acid violet N (M.L.Br.), fast acid blue B (By.), water blue, etc.’; 
as also the majority of die basic d)es, such as # methy! green, 
auramlae, rhodamine, etc. 

The best means of dyeing wool and silk to eyiml shades is by 
using the dyes of Group l., unless prevented by other Reasons 
such as their equalising properties, suitability for combination, 
etc. The modus operandi is as follows: The hath is set with 
about 10 percent, of “tartar preparation, M bisulphate, and one- 
half the necessary quantity of dye, the goods being then entered 
and the bath raised to boiling-heat as quickly as the equalising 
properties of the dye permit, boiling being continued until the 
wool appears sufficiently shaded. The silk will, as a rule, be 
less deep in colour; consequently, after cooling the bath down 
to 45° to 50° C., the rest of *he dye is added, and the operation 
continued in the cooling bath until the silk has been properly 
dyed. If, howeyer, this result fails to ensue*, recourse mu"u be 
had to a suitable dye of the third group, in this manner a 
light yellow may be obtained with azoflavine, which, however, 
turns dirty in dark shades ; a dark yellow and orange, with 
orange II ; red, with a; ocannine, magdala red, oj; a ]>onceau ; 
pale blue, with patent blue; dark blue, with acid violet (513N 
and bluish fast green ; black, with anthracite black (deepened 
with orange and a . basic green at Ifcw temperature), gloria 
black, etc. For mode colours, use is preferably made df azo- 
carmine, patent blue, and azoflavine. # 

To produce “shot” effects, the following procedure is 
adopted: The wool is dyed first with a dye of the second 
gtoup, at boiling-heat ; the small amount of dye that has be- 
come fixed on the fibre of the silk is then removed by boiling 
with water, aoap, or ammonium acetate, and the silk afterwards 
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dy\jd in 'a thircj bath, containing a dye of the third group, the 
bath feeing concentrated and cold, or, at most, lukewarm. Red, 
for instance, is produced on the wooj by the aid of ponceau 2R, 
and the silk dyed green with methyl green and auramine ; or 
the wool dyed green with acid green extra cone., the silk red 
with rhodamine, etc. f 

The most beautiful effects can be produced in this way, but 
the following points must be borne in mind : (1) The dyeings 
on the two fibres must be as nearly equal in intensity as pos- 
sible, and confplementary ; (2) the stlk must be thoroughly 
freed from colour after the first dyeing ; (3) the dyes employed 
in the third bath f must have a low affinity for wool. These con- 
ditions, ^however, are rather difficult to carry out in practice, 
and, moreover, the three baths render the operation very 
troublesome ; consequently, the general procedure is to first 
dye the wool with dyes of the second group, then cool the bath 
as much as possible, and dye the silk with dyes of the* third 
class. 

An important mixed effect is : wool black, silk white. This 
can bo produced in various ways : by dyeing with a suitable 
acid black (chrome acid 'black, etc.); or by dyeing with azo- 
fuchsine at boiling temperature in a strongly (acetic) acid bath, 
ancj Ahen treating with bichromate of potash. The silk is 
cleitlied in a bran bath. t 

Finally, it may be mentioned that fabrics of three different 
fibres (wool, silk, and cotton), such as damasks, are frequently 
piece dyed, the same procedure beiqg adopted as given above 
for dyeing hp,lf-wool and gloria fabrics. 

V. Sample Dyeings ; Colorimetric Determinations ; Reac- 
tions of Dye-Stuffs tn the Ffbre; Tests for Fastness. 

*. K. ' 

( 

Sample Dyeings and Colorimetric Determinations. 

The determination of the value of dyes is made by sample 
dyeings or by means of the colorimeter, though in either case 
all that can be done is to effect a comparison between two er 
more samples of one and the same dye, or two or more very 
similar dyes. In both cases it must be borne in mind that 
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minute differences in the intensity of two dyeings can only^H* 
detected in light shades. The greatest difficulty is encouyteml 
in examining yellows, anfi therefore in this case it is advisable 
to combine the dye in question with another dye of suitable 
character, e.g. a blue. 

Sample Dyeing consists in making comparative* dyeings 
with two*)r more parcels or samples of one and the same dve 
under closely identical conditions, and examining the result- 
ing colours for their relative intensity, shade, and purity.* 

In the dye-stuff factories this work is essential, to enable a 
new dj-o. stuff to be standardised in point of strength, this being 
the only possible way of turning out a given commercial article 
of constantly uniform quality. 

In dyeworks, too, each new parcel of d\ e-stuff should he 
tested in the same way, to ascertain whether it is identic.il 
with previous deliveries. 

Wifeh this object a. small quantity, say 1 grim, of each sample 
of dye is carefully weighed out and dissolved in 1 litre of water, 
each solution being then employed 1o dye equal weights ot*yarn 
in baths of otherwise identical constitution, and all under the 
same conditions of temperature. Thfl best method of applying 
heat is to immerse the dye-baths in a heated strbng brine. 
When mordant dyes are in question, the various samples of 
yarn must he n^ordanted beforehand in one and the same i itlfc 
Already during the process of dyeing it will he easily seen 
whether any considerable differences exist between the various 
samples, and should this Joe the case the weaker hath must bo 
strengthened by adding sufficient ot the dye solution to bring 
the dyeings into a condition of equality. 

Many direct sulphur dyes are very irregular in point of 
strength, as sent out by the makcrs f «tmd it is in part very 
difficult to make sample dyeings with these*. * • 

It will also become apparent during the dyeing whether the 
dyes are homogeneous or mixtures, since the different dyes 
never draw on to the fibre so uniformly and simultaneously as 
t6 render the detection of a mixture impossible. 

After (fyeing, the samples are washed, dried, and the result- 
ing difference determined with reference to the amount of dye 
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coqsume^. At the same time it will have to be ascertained 
whether, through unequal heating, the one bath has become 



more highly concentrated than the other. Should this prove to 
be the case, the test must be repeated, since more dye is takes, 
up from concentrated baths than from those more dilute. If the 
baths have been imperfectly exhausted, another (Jyeing with 
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fresh yarn will give an idea of ‘the quantity of dye iVfi behind 
the first time. 

A simpler, quicker, a*nd more accurate method is afforded by 
the colorimeter, though this is more suitable for the scientific < 
examination of dye-stuffs than for determining their technical 
value, the results it gives being influenced by impurities which 
may be*quite inert so far as the dyeing process is concerned. 
Of the various types of this instrument, mention need only be 
made here to that of C. II. Wolff, tin? construction oT which 
is based on the fact thart light rays suffer a diminution in bright- 
ness in passing through a stratum of coloured liquid, the de- 
crease being in proportion to the degree of concentration of the 
liquid, i.e. the greater the quantity of dye in the liquidatin' more 
will the light be dimmed in passing therethrough. 

The accompanying sketch (Fig. d5) will facilitate description 
of the Wolff calorimeter : — 

B and C are cubed cylinders into which the dye solutions are 
poured; A is a reflector; 1) a pair of prisms, which so unite 
the two bundles of light rays in the field of vision of thfflens K 
that the one half of the circular field of vision corresponds to 
the light transmitted thiough the *oiu* prism, and the other 
half to the rays traversing the other prism. 

The two sqluiions for comparison, which must be very dilute, 
are placed in the respective cylinders and examined, theYarfter 
one being reduced in volume by drawing it off through the 
lateral tap until both sides of the field of \ ision appear of equal 
intensity of colour. ^ 

Now the capacity of absorption for light is # inversely pro- 
portional to the thickness of the absorbent layer traversed by 
the rays. Thus, for example, if to produce equal intensity in 
the two halves of the field* it is n<*«ssary to reduce the one 
liquid to half the volume of the other liquid, then the alworptivo 
capacity of the former will be double that of the latter. As, 
now, the absorptive capacity of a liquid for light depends 
directly on the degree of concentration, then, by assuming the 
•height of the two columns of liquid in the test cylinders as being 
represented by H li\ whilst the concentration of the liquids is 
expressed by C C\ we obtain the following simple relation : — 
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Q : C' = 'E ; if 

The relative colour strength of the solutions under examina- 
tion can be easily calculated by the aid pi this proportion. 

9 In making a determination it is not advisable to confine the 
examination to a single test, but to make at least two, which 
should differ by not more than about 2 c.c. « 

Good results with the colorimeter can only be obtained when 
the shade of colour of the dye solutions to bo compared is the 
same in both, and the solutions are very greatly diluted. To 
ascertain whether a given *concentratioh is suitable the two 
solutions in the colorimeter are diluted until of equal dep4fcr'of 
colour. If the adjustment is right ( i.e . the proper concentra- 
tion has been chosen), the drawing-off of 1 to 3 c.c. of the one 
solution will cause the field of vision to appear lighter at once. 
If this is not apparent, the solutions in question are either too 
strong or too dilute. . 

■ 

Reactions of Dye-Stuffs on the Fibre. 

In practice it is frequently desirable to ascertain what dye 

lias been employed to produce a given dyeing, and with this 

object the sample is cut into' strips which are then subjected to 

the action ol various reagents, such as acids, alkalis, alcohol, 

etc., in order that some conclusion as to the nature of the 
• <- 

dye cWn be drawn from the colour-changes ensuing there- 
from. Owing to the large number of existing dyes this method 
is by no means easy, and, especially in the case of mixtures, is 
often only partially possible. For the assistance of the dyer* 
various tables, setting forth the necessary indications, have 
been compiled. 

In view, however, of the extremely large number of the dye- 
stuffs used, working with ^he aid o£ these tables is difficult and 
uncertain. On the other hand, a very reliable new method has 
been established by Professor A. G. Green, for application to 
dyeings on wbol and on silk. 

Green’s Table for Testing Wool and Silk Dyeings. 

Behaviour towards Hydrosulphite. « 

The sample is boiled with a 10 per cent, solution of hydrosul- 
phite NF. In the case of yellow and orange dyeings 200 c.c. of 
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the hydrosulphite solution ar£ acidified with 1 c { of acetic 
acid. ‘ 

1. The solutionis decolorised : — 

(а) The colour returns after exposure to air: Azines, thi- • 
azines, oxazines, indigo, prussian blue : 

(б) The colour is not restored by exposure to {he air, but 

when warmed with a little water and treated with a cold satu- 
rated solution of persulphate carefully added, drop by drop : 
triphenylmethane group, insoluble red-wood dyes ; # 

(c) The colour retufns on exposure to air, font more quickly, 
otM'wng treated with persulphate : stilbene group (not all) ; 

(d) The original colour is not restored by exposure to air or 
by treatment with persulphate. : azo dyes, nitio- aiyi nitroso- 
dye-stutfs. In the case of safranine a/o dyes (indoine-blue, 
Janus blue and green, diazine green), a reddish colour is pro- 
duced after exposure to air (formation of formaldehyde). 

Not decolorised, but changed into >ellow to brown: aliza- 
rine, alizarine orange, alizarine blue, cmruleiue, naphthazarine, 
alizarinecyanine green, alizarine vii idine. The colour isYcstored 
by exposure to light in the case of alizarine blue, cmrulcine, and 
naphthazarine, and by treatment with pin sulphate in the case of 
others: alizarinecyanine green and alizaiinc viiidine. 

3. Only slight change if any: Tyrone group, auiamine, 
quinoline and* acridine dye-stulfs, thiazole dyes (except a/ti dyfcs), 
a few oxyketone dye-stuffs, such as llavone, alizarine yellow, 
catechu, alizarinecyanine ; alizarinecyanine black, antbra- 
gallol, aniline black. # 

If, by means of this table it is considered ^hat a dye-stuff 
has been identified on the fibre, a trial dyeing is made with 
such dye on a fabric of the Same kind as that under test, and is 
tested with the same reagents, in ordfcr to ascertain the identity 
or otherwise of this dyeing with the one under examination. 

An excellent method for the reliable identification of dye-stuffs 
is that of spectrum analysis elaborated by J. Form A nek ; hut, 
like the colorimeter, it requires some skill and a good eye. 

* When the identification of a sample of dye-stuff is in question, 
the method of Gulinow (“ Zeitschrift fiir Farbenindustrie," 1906, 
Part 18) it used. 
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Testing the F*astness # of Dyes. 

Fastness in dyes is*a quality of equal importance with cost, 
and colour, and a dye* can only he considered as really # fa^ 
when it proves capable of resisting for a sufficiently long time, 
without appreciable alteration, the influences to which it will 
be subjected*in practical use. 

It is not essential that a dye should he fast in every respect. 
For example, in the case of clothing, all that is required of a 
ay* is that it will stand the various influences to which it will 
be exposed in wear; in the case of curtains, fastness to light is 
a^Jrltne essential; whilst the dye on underclothing, worn next 
the skin, must be able to withstand frictiontund perspiration. 

Tests for fastness, however, never furnish more tlrtin relative 
values, and consequently these tests are best made by compari- 
son between at least two dyes, or their dyeings, sijnultaneously 
— a necessary condition being that the dyeings in question 
shall be of as nearly equal intensity as possible. 

Fastness to Light implies the power of a dye to withstand 
the combined influence of light and air. Tht* chemical reaction 
that goes on during the fading of a £oloui has not been minutely 
examined, all that is known being that, in tin* absence of air, 
the influence of light is considerably reduced. 

The fastness to light of any given dye depends on„ 4 "ev^ral 
circumstances, cjj . on the nature of the fibre, the method of 
fixing, and the intensity of the dyeing. Thus, dyeings on wool 
are mostly faster to light than those of the same dyes on other 
fibres, whilst in the cadft of logwood dyeings, the colour is faster 
when consisting of an iron or copper lake, tho^lumiua and tin 
lakes being fugitive. The basic dyes are generally much faster 
to light when fixed with •tannin or tartar emetic than with 
oleic acid, on cotton. Finally, as regards tlie effect oMntensity 
on the fastness to light, it is evident that a dark shade con- 
taining a larger quantity of dye will be able to# stand the in- 
fluence of light a far longer time than a light dyeing, not to 
mention that under the. latter ciroum stances a slight change' — 
especially of a qualitative nature — is more readily detected than 
in dark shades. Thus when, for example, a blue dye has the 
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tendqnpy te become greener in the light, this faculty may pass 
entirely unobserved in the case of dark shades, whereas in light 
shades it may result in a complete modification of the colour. 

* The manner in which a colour suffefs alteration is therefore 
an important point; when it merely becomes paler, without 
losing its brightness and tint, it is decidedly faster ic light than 
one that suffers a change of tone in the same time. 

In exposing dyeings to light, two other peculiarities become 
apparent : some dyes ( e.g . indigo) rapidly becoming lighter fit 
first and then reipain for a long time without further change ; 
others again ( c.<j . picric acid, azoyellow, etc.) turn somewhat 
darker at first. 

Two forms of apparatus have been constructed for testing the 
fastness ot dyes to light, that used by Oehler being arranged so 
that a collecting lens directs the concentrated rays of the sun 
in a vertical direction on to the material. The other apparatus, 
that of II. Perger, is illuminated by the electric light. In ap- 
plying the test it has to be remembered that the intensity of 
the actl’r.i exerted by the light depends on several circumstances 
— the time of year, climate, weather, and, finally, the manner in 
which the exposure is made 4 consequently, the tests in all cases 
must be comparative, and made with at least two dyeings at the 
same time. When the fastness of a dye is known, this can be 
taken us a standard and used for comparing that of another ex- 
posed under the same conditions. The dyed samples are laid 
out flat on a sheet of strong paper, the one half of the sample 
being exposed, whilst the other half is covered over by a piece 
of cardboard, and, being thus protected from light and air, 
serves for comparison. The samples are then exposed freely 
(not under glass) to the sunlight in a place where they are pro- 
tected against dust and also against acid or alkaline fumes. 
The use of other sources of light, such as the electric light, gives 
different results, and therefore is not suitable for practical pur- 
poses. At thfc start the illuminated and protected portions of 
the sample should be compared daily, and an incipient change 
in the colour must not lead 4o the abandonment of the test, it 
being further necessary to examine the progress of such change. 
Dyes that will stand exposure for a month in the summer with- 
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out appreciable altei-ation naa^ f be considered as \ery fast to ' 
light. • « # 

Fastness to Water, Washing, and Milling, infplies the 
behaviour of dyes under the action of water or solutions of § 
soap ; and the points to ascertain are whether the dye changes 
in colour ^r intensity, and if it bleeds into whits or undyed 
fibre with \?hich it is washed. The requirements exacted in 
this particular vary considerably, carpets, curtains, and up- 
holstery stuffs, for instance, not being required to stand. washing, 
as a rule ; whereas yarns that are to he woven into pattern 
fabrics and then milled must remain entirely unchanged during 
that'operation and exhibit no sign of bleeding. 

In testing a dye for its fastness to wat»r, a sample of yarn 
dyed with the specimen under examination is phJfUed along 
with a piece of white yarn and left immersed in cold water all 
night. To be quite fast, the dye must not dissolve in the water, 

and thus coldur it, or bleed into the white varn. In the case 
• . . * 
of woollen yarns this test is usually performed by boiling the 

sample in water for a quarter to half an hour. ^ 

Fastness to Washing and Soap is tested by plaiting a sample 

of dyed yarn with while yarn an/1 then treating them for a 

quarter to half an hour in a solution of soap (thout 0 2 per 

cent.), first at 50 y to 00 c C. and then at KKT C. 

Fastness * to Millintj is required of woollen goods tTjWv, jmd 

is tested by 'subjecting the plait of white and dyed yam to a 

rigorous milling by hand, with an alkaline soap, then washing 

and leaving to stand overnight in a rather wet condition. For 

the dye to be really fa.ft, it is necessary that no staining of the 

while should occur, and also that the dyed sample remains free 

from alteration. The test will be still more severe if the sample 

be left for several hours ii^ the soapy solution after milling.,. 

In testing wool-dyeings for Fastness totAcids, the sample 

is carbonised with sulphuric acid and then neutralised. Cotton- 

dyeings are regarded as fast to acid when they will stand 

dyeing in an acid hath, as applied to wool, without suffering 

any appreciable alteration of shads or bleeding into white wool. 

With«this object the dyed cotton is boiled along with white 

wool in a bath containing 4 per cent, of sulphuric acid and 
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10 jyjr cent, of Glauber salt (calculated on the weight of the 
wool) fpr an houf*. This test serves to determine whether a 
given dye is suitable for use on cotton that is to be woven along 
with animal fibre which is afterwards to be dyed in an acid 
bath in the piece. 

Fastness to Perspiration. — There is, unfortunately, no 
satisfactory test for this quality, but the general practice is to 
immerse' the sample for an hour, in association with white 
cotton and wool, in a 2^° B. solution of acetic acid at 40° C. 
According to Davidis it would be more correct to use an 
alkaline solution for the test, leaving the sample for ten minutes 
in a solution of 5 grms. of Marseilles soap and 3 c.c. of am- 
monia per litre, at o0° C., then squeezing and ironing between 
white cloths. 

Fastness to Bleach (chemicking) is tested only in the case 
of cotton, the dyed sample being steeped for an hour in a cold 
1° B. solution of bleaching powder. 

Fastness to Sulphur is a test applied solely to wool. The 
sampL, plaited along with white yarn, is first soaped, squeezed, 
and then left for twelve hours in an atmosphere of sulphurous 
acid. 

Fastness to Alkali is tested in various ways but mention 
will now be confined to the quick-lime test often applied in the 
cace oiiwool-dyeings, the stuff being padded over with a pulp 
of slaked lime, left to dry, and examined for alteration after 
brushing off the lime. This test, as well as sprinkling the stuff 
with soda solution, followed by drying, is performed when in- 
formation is desired as to the capacity bf the dye for standing 
the influence of street mud. 

Fastness to Ironing and Steaming is tested by subjecting 
the dyed sample to hot ironing or drying on a surface of heated 
metal, and by steaming. The dye should either be quite free 
from alteration or else resume its original shade after a short 
exposure to the air. In applying these tests it must not be 
forgotten that the wool itself may assume a yellowish tinge 
under excessive steaming, the result being an apparent altera- „ 
tion of some colours — blue, for example. For the Hake of 
comparison, it is therefore necessary to steam an undyed sample 
of the same material at *he same time. 



CHAPTER V. 

PRINTING . 1 

Whereas the object in •dyeing is to secure unironn and com- 
pleto^cdloration of the entire material of the fabric, the purpose 
of the printer is to apply the colouring matteiy only in certain 
parts and in a well-defined pattern ; hence, printing may he 
regarded as local dyeing. Closely allied, however, as these, 
two branches of the subject may be, it follows from the nature 
of the case that .the ways and means whereby their respective 
objects are secured must be very different. For instance, in 
dyeing, it is for the most part feasible to modify a dyed colour 
by the subsequent application of other dyes; but in printing 
this is not possible, and therefore all the materials employed 
must be carefully examined before use. 

For the application of d}e to certain parts of a fabric, and 
according to a well-defined pattern, recourse must be hu^k to^ 
an application unknown in the dyeing process, namely, a 
punting block or forme, by means of which it # becomes feasible 
to print any dissolved dye upon the fabric. It is, however, 
evident that although the # dissolved ‘dye may be printed as a 
well-delkied pattern on the fabric, the contour oi the design 
would very soon lose its sharpness of outline, owing to the 
running of the solution ; and to prevent such an occurrence a 
further adjunct, rarely if ever used in dfeing, h$s to he called 
in aid, namely, an agglutinant, or thickening material, with 
which the colour is* incorporated before application. Apart 

1 The author is indebted for much of the information contained in this 
chapter to the handbooks on Calico-Printing by Luubor and Sansone, and 
the* article on Printing by Storkc and Penadc, in Kannarsch-HecrenB’ 
Technical Dictionary, to which sources the reader is referred for points of 
detail, especially # as regards the compounding of the printing materials. 
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frcm this, the colour has to receive other additions, and also 
to bflrsubjected to certaimafter-treatments, which will be dealt 
with later on. * 1 

Besides direct' printing, there are other means whereby a 
coloured pattern can be produced in cloth-printing. Thus, if 
a fabric be printed over with substances that are impervious to 
liquids, and is then dyed, it follows that the dye wi)l be fixed 
only on the unprinted parts of the fabric, the printed portions 
being left white when the goods have been washed. This kind 
of printing, whereby white figures can be produced on a coloured 
ground, is known as “reserve printing" and the substances 
employed to protect the printed portions from the action of the 
dye arjj called “ reserves 

Again, it is possible to produce white figures on a dyed 
material by printing it over with substances that destroy or 
discharge the colour. This is the so-called “ discharge print- 
ing 

By the assistance of reserve and discharge printing it is 
poskrfile to produce patterns in two ways : either a mordant is 
added to the reserve or discharge before printing, and the goods 
afterwards dyed, whereby the discharged or reserve portions 
become coloured because of the mordant there situated ; or the 
reserve or discharge is incorporated with a dye, and then 
"printed. Finally, as a third method,' the fabric may be printed 
with a mordant, which is then fixed in a suitable manner, and 
the goods dyed, whereupon only the mordanted portions will 
retain the dye, leaving the rest white, the method being thus 
a combination of printing and dyeing. 

Historical. — From the very earliest times the peoples of the 
Orient have practised the art of cloth-printing ; and although 
the work was performed in a 'highly-primitive manner, the 
above-mentioned methods of producing coloured patterns would 
seem to have been known to them. 

The most primitive state of transition between dyeing and 
printing is found among the Chinese, who are known to produce 
coloured figures on cloth! by hand-painting. 

The true home of the cloth-printing industry, however, seems 
to be India, printing blocks for the production of coloured 
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designs having been in use there*from the most ancient times. 
Reserve printing must also be classed as an Indian invention. 
In the Bandhana method, which is the oldest resist process, 
knots- were tied in the clofh, which were then dyed ; whilst i!i 
the Golgas method the fabric is pressed between metal stencil 
plates and entered into a dye solution. In l>oth cases the dye 
is kept ajvay from certain portions of the fabric by the aid of 
pressure. 

In printing the so-called "Battick” goods that are still 
produced in Sumatra and Java, the design is 4 raw n on the 
gooc^, by the aid of a mixture of resin and wax, which are 
applied in a melted state, and, after solidification, form an im- 
penetrable reserve, so that the parts thus covered lenqpn un- 
dyed when the fabric is afterwards d\ed (usualh h\ vat ting). 
On subsequently removing the reserve by hot water, there 
• appears a white design on a coloured ground. 

Thi$ method was first brought into Kurope by the Flench, 
from their colonies in Master n Asia, as the so-called “ porcelain- 
printing” (white on blue ground). # ** 

The first calico-printing factory on record was established at 
Richmond-on-Thames in l(>7b by a French refugee ; later on, 
works were started at Neuchatel in several German 

t 0W ns — Augsburg, Ileidenheini-on-Brenz; at Sain to Suzang^, in 
France; in Austria (lhirgstein, Schwechat, Friedau, Kettenhof, 
Kosrnanos), etc. 

At first hand-presses were employed, the design being deeply 
engraved on a copper plate, which the printer covered with 
colour |jy the aid of a brush, the excess being afterwards re- 
moved with a knife. When thus ready for printing, the plate 
was raised by the mechanism of the press, brought into contact 
with the material to receive tfte impression, and then returned 
to the first position, for re-inking. # 

This method is cheap, and gives a sharp impression. It is 
still employed — in Switzerland, for example— generally for 
broad designs, and chiefly for silk kerchiefs. 

At a later period other machines were introduced, the most 
important^Deing the Perrotine (invented by Perrot of Rouen, in 
1834), which % can also be used as a multiple-colour machine. 
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Tke “ flexe" jjress is still to be found in a few cloth-printing 
work*. At present, however, the cylinder printing-press, first 
introduced by Bell in 1785, is the most widely used of any. 

The early printing colours were prepared by stirring pigments 
in oil. The effects were very imperfect, the colour flowing at 
the edges of the design and the fabric becoming hard. Later 
on, the “ application method ” was introduced, in .which the 
mixture of mordant dye-stuffs and mordant was printed on a 
platen and fixed by hanging the fabric in a warm stove. Finally, 
steaming was* employed, towards the end of the eighteenth 
century, for developing and fixing the printing colour^* * 

' Hand-Printing. 

The printing plates used must not be too large or too small, 
the former defect meaning excessive weight and trouble in 
handling, whilst in the other extreme the work takes too much 
time. # 

The material for the plates must he durable and not easily 
war^j&l, choice being therefore made of pear-, beech-, and box- 
wood, thin (about one inch) boards of which are glued on the 
back of similar boards 1 of oak or beech, which in turn are 
backed by blocks of pine, the latter being recessed so as to hold 
better. The boards must be arranged so that the grain runs in 
■'diffol*ent directions, in order to minimise the tendency to warp. 
The under (free) side of the first piece of wood is planed smooth. 

To transmit the pattern to the block, the designer divides the 
pattern by horizontal and vertical lines, so as to include within 
the marked-off portion all the elements of the pattern, these 
lines being then transferred to the chalked block. The design 
is next traced with pencil and paper, the tracing being then 
laid face downwards on the marked block, and the reverse is 
rubbed over with ‘a hard, smooth tool, the impression being 
afterwards touched up by hand. As each block can only be 
used to print one colour at a time, a separate block must be 
used for each differently coloured portion of the design. 

The tracing of the pattern is never so large as the block, and 
must therefore be transferred as many times as are r necessary 
to cover the surface of the block. Where the ^petition of a 
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small pattern is in question, a sifmll model is often made, riie 
impression being repeated on the block until the entire surface 
is covered. To ensure accuracy of position, use is made of 
register pins, which are placed on both sides of the printing 
block, and in applying the latter, care must be taken to see 
that the pins oij the left side exactly coincide with the marks 
left by those on the right-hand side during the previous im- 
pression. In succeeding rows, the upper pins must register 
with the marks left by the lower pins. 

The design thus transmitted must be brought? into relief by 
punching the wood with steel punches. Where the printing 
surfaces are large, it is a frequent practice to merely punch the 
outlines and fill the intermediate space with felt, whigh sub- 
stance absorbs the colour much more uniformly than wood and 
therefore prints better. 

Fine -details cpt on wood are liable to rapid wear, and are, 
therefore generally done on copper or brass inlaid in the wood 
block. Frequently, however, the entire surface of the printing 
forme is of metal, the design being imparted Ijy casting, ^or 
this purpose a perfectly dry block of lime- wood, cut crossways 
of the grain, is taken, and punched w f ith the design^ which in 
this case is hollowed out, Mie lighter details being burned out 
by means of heated steel dyes pressed against the wood #yitil 
the impression Ijas reached a certain depth. The con toil? s ot* 
the larger and heavier parts of the design are cut. This done, 
the hollows are filled with pieces of brass so that the metal pro- 
jects a few millimetres above the surface of the block, and a 
molten #lloy of tin, lead, and antimony is then applied, which 
envelops the brass and transmits sufficient heat to the depres- 
sions in the wood to carbonise the surface, which is thereby 
smoothed and deprived of the*teiulenc\*to shrink. Thereupon 
the brass is removed, and the resulting Vooden matrix or 
mould is used for making the cast. The casting is trimmed 
smooth with the file and nailed on to a wooden backing. 

Other appliances required for printing wfith the hand-press 
ar© a frame and ink-duct, the former consisting of a strong 
framew T orH supporting a planed block ot hardw r ood, the di- 
mensions of ^vhich vary according to the class of work to be 
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done — a narrow block being needed for long fabrics, and a wide 
one for kerchiefs. This block is covered with a tightly stretched 
layer of flannel (printer’s blanket), serving as a soft backing for 
t'he goods. 

On one of the narrow ends of the frame is an arrangement 
supporting the roller from which the goods tcv be printed are 
unwound. The goods issuing from the press are carried over 
guide rollers, either on the ceiling of the printed room or under- 
neath the frame, for the purpose of drying the printed colour. 

. The ink-dudt is a rectangular trough, about twenty inches 
long and wide, and ten inches deep, which is filled ab^uUhalf- 
full of starch paste, for the purpose of forming an elastic bed, 
upon \vhich is laid a piece of oilcloth stretched on a frame into 
which fits a second frame carrying a stretched cloth, the colour 
being spread out on this last, by the aid of a brush, as evenly 
as possible. 

To begin printing, the end of the cloth is laid on the press 
table and marked with a ruler and pencil, to show where the 
bloclTVs to he applied the first time. The block is then brought 
into contact two or three times with the inking-pad, and then 
applied to the cloth, a few blows with the mallet forcing the 
colour into the material ; which done, the block is removed, re- 
inkfd, and applied again. In this second and all succeeding 
"applications the block must be made to register by means of 
the aforesaid register pins, which should be situated in such a 
position that their impression, though visible to the printer, 
forms part of the coloured design. t 

In multiple-colour printing, the work is begun with the block 
giving the most comprehensive idea of the whole design. 

In printing “ squares,” the fabric is first divided by lines 
indicating the limits of f each square. The blocks for this work 
are nfbstly arranged to print one quarter of the whole square. 

Some colours must be printed warm, for which purpose the 
inking-pad must be set on hot bricks or immersed in hot water. 
When readily oxidisable colours are used, they should be 9tored 
in the lower part of the inking-pad instead of the starch paste, 
and be covered over with a porous cloth. 

Unless the cloth be kept on the stretch whilstr on the press 
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table, it will shrink, both in length anti breadth, in the drying, 
and thus prevent the last-applied colour registering wjfh tho 
previous ones. To obviate this difficulty the colours must be 
applied in succession as quickly as possible, *or else the fabric 
is stretched in both directions after printing each colour. 

Full shades ^annot be printed on thick fabrics hy*the hand- 
press. The method is specially suitable for the production 
of multiple-colour printings and for very wide goods, since to 
employ mechanical presses for these classes of work "would 
necessitate the use of very complex or wide, ami in either event 
ver> cojtly, machines. Hand-printing is also superior to the 
machine-press, inasmuch as it does not dirty the white. 

The Perrotine Press. 

The Perrotine press is a machine for printing from cast-metal 
plates carrying the design in relief, and resembles the hand- 
pressi in its points of superiority over the cylinder press. The 
number of colours, however, that can be printed in this press is 
limited, and it is now ust‘d to only a very small exfftifc A 
three-colour Perrotine press is shown, as a diagrammatic sketch, 

in Fig. 36. * 

Here 'a is the backing cloth, forming an elastic Support for 
the goods ; b [h a piece of unfinished cotton cloth, to keep the 
backing cloth from being dirtied by the printing colour ; the 
cloth to be printed ; h v /*., are the printing tables, furnishing 
the solid backing. The slides n v n £t w a , which move in the 
direction of the arrows, and carry the block-holders o v <*,, o 3 , 
press tfie blocks p v p z alternately against the inking-puds 
q q v which themselves have a reciprocating motion at 
right angles to that of the blocks. At the moment the blocks 
are withdrawn from contact Vith the printed surface, the pads 
are moved so as to pass by the pairs of rdilerS r„ r v which 
in their- rotary motion take up the colour from the ducts s 2t 
s 3 , and pass it on to the pads, where it is smoothed level by 
the brushes t v t v t r The slides next advance and press the 
blocks against the pads, then retreat, and after the pads have 
been mJved slightly to one side, again press the blocks on 
the pads. ^The impression then follows immediately, during 
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wh^oh operation the pads are. moved over the inking rollers. 
After each impi'essioA the backing doth, intermediate cloth, 
and cloth to bo printed are moved forward a distance corre- 



Fig. 36. 


sponding to the exact breadth of the block, so that the goods 
are fully printed by the time they pass away from the third 
block. If desired, the advance of the goods can be stayed, and 
the movement of the printing mechanism continued, the im- 
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pressions being in such case repeated in exactly the same jdace 
as often as required. 

Thet Cylinder Press. # 

In the cylinder machine the impression is produced by 
means of engraved rollers, known as copper rollfus, though 
they rejjlly consist of an alloy resembling bronze. They are in 
the form of a hollow cylinder, into which are forced a wedge 
and a steel spindle carrying a pinion by means of wltich the 
cylinder is set in motion. # 

Jn this case, therefore, it is necessary for the goods to he 
pressed into the depressions of the cylinder, in order to take up 
the colour; hence a heavier pressure is needed than in tin* case 
of the hand-press, and the machine must, he di iven Yy power 
— a condition lying at the root of the high productivity of the 
cylinder press, and one that renders it tin; sob* class of machine 
suitable for the production of printed goods on a large scale. 
This press exhibits the further advantages of giving a sharp 
impression and perfect register in the cast* of mul Li pk Colour 
patterns. * 

The cylinder press may he of either the single-colour or the 
multiple-colour type, and each press is driven by it*? own motor. 

A single-colour machine will print up to 180 pieces of 00 to 
70 yards each per diem of ten hours. With multiple <> lo«r 
machines the # working speed is much slower, a twelve-colour 
machine, for instance, only printing about forty pieces a day. 

Engraving the Printing Cylinders. As already mentioned, 
the design is engraved fin the cylinders. In order to bold the 
colour better on broad parts of the design, the sui face is there 
hatched with V-shaped channels, or punched with conical 
stipples. • m 

The engraving of the design is effected In various ways. 
The method apparently at first sight most suitable -namely, to 
trace the design on the surface, and then cut it T)ut with the 
graver — is really the one least in use, and then only employed 
Jfor the outlines when the portions eff the design to be engraved 
are so large that they do not repeat, or only partly so. 

In all other cases, i.c. when frequent repetitions of the same 
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figures occur, a small steel roller is prepared, by means of 
which tfce pattern is pressed into the surface of the cylinder, 
the roller being in relief. 

The engraving of the cylinder is frequently effected by etch- 
ing, either alone or in conjunction with the foregoing method. 
For this purpose the cylinder is coated over with asphalt 
lacquer, the lines of the pattern being then drawn in the asphalt 
so as to expose the underlying metal, after which the cylinder 
is immersed in dilute nitric acid, which etches out the exposed 
p$rts and leaves ^he design engraved on*the metal. 

The sole decisive factor in the choice of methods is spefd. 
Most frequently the work is done by the aid of a steel roller or 
“ molette," on wh'ich the design is formed in relief by the 
following indirect process, the direct method being too difficult 
to attempt. For this purpose a steel cylinder of very good 
quality and suitable length is exposed to red heat for about 
twelve hours, embedded in a mixture of powdered charcoal 
and chalk, and placed in an iron box surrounded with loam. 

• It is flta* covered with ashes and left to cool very slowly for 
two to three days, whereby the steel becomes soft, and is after- 
wards turned and polished'to tho exact size required, i.e. until 
its peripheral measurement is equal to the width of the pattern. 
The next step is to clean it by scrubbing with lye, levigated 
chalk, Rind dissolved soap, followed by a short immersion in a 
dilute solution of copper sulphate, rinsing, and drying. To 
transfer the design to this cylinder, a tracing of so much of the 
pattern as will be printed of the one colour is made upon satin 
paper, rendered transparent by impregnation with a solution of 
gum dammar in turpentine, the tracing ink employed containing 
sodium sulphide. This tracing is wound on the cylinder, 
fastened thereon, and left for a quarter to half an hour, by 
which time the dfesigh will bo developed by the formation of 
copper sulphide on the surface of the cylinder. The lines thus 
marked are tut with a steel graving tool shaped like a slightly 
bent prism of rhombic section and ground off aslant at the end, 
thus leaving the convex edge of the prism to terminate in a, 
projecting point. After the outlines have been cut but the 
conical stipples are punched to a certain depth in p. machine, 
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then deepened by hand with it hammer and punch, and finally 
bored out. They must be set at equaf distances apatf. and in 
rows of uniform direction. The hatching is effected with 
double cutter gravers, the one cutting edge working in*tlu 
groove already formed, whereby perfect regularity in the posi- 
tion of the^hatched lines is secured. Mostly, Ifowever, the 
hatching is produced by etching, the lines being drawn on the 
asphalted surface by means of a ruling machine. They must 
be always arranged spirally, and not parallel to the axis of the 
roller, or they would catch in the ink knife i* the operation.of 
pointing. Cross hatching is generally employed. When the 
entire design is composed of hatchings or stipples, the rollers 
are termed padding rollers, the cloth hemg pfinted over its entire 
surface with a uniform layer of colour, and i ot in a figured 
pattern. 

The engraving of this roller is conducted under a magnify- 
ing glass, the roller being mounted so as to rotate on the graving 
frame. When the process is completed the roller is polished 
with fine-grained sandstone and oil, and is punclfPu Tvith a* 
number of coarse stipples outside the limits of the design, in 
order to prevent slipping during the subsequent pressure. It 
is then hardened by embedding it in sodium paste in the same 
•box that wi\s used for the softening treatment, heate<]^to pale 
redness and quickly plunged into cold water several •iim*s*in 
succession. As the roller, it tpo hard, Would be liable to spring 
under the subsequently applied pressure 1 , it is tested with chisels 
of different degrees of hardness, and, if found too hard, is 
rendered a little mdder by reheating. Finally, it is scoured 
with loam and water, rinsed, and dried. 

To produce the actual stamping roller, with the design in 
relief, from this molette? a steel# cylinder, , the peripheral 
measurement of which is a multiple of tffe first one, is*softened, 
the two being fhen pressed tightly together by the aid of screw 
clamps and set in rotary motion. During this operation, 
whereby the metal of the softened cylinder is forced into the 
• depressions of the hard one, the'eylinder is strewn with a 
mixture of resin, fat, and wax. This mixture is also forced into 
the depressions of the matrix, and spreads thence over the raised 
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portions of the patrix, so that when the latter is immersed in 
nitric acid only thd unprotected parts are corroded by the acid, 
the result being to deepen the cuttings. The molettes are again 
clamped together and pressed, followed by another etching, the 
series of operations being repeated until the desired effect is 
completely produced. The stipples designed to prevent slip- 
ping are next cut away with hammer and chisel, and thei& place 
taken by shallow depressions serving the same purpose. 

The firi’ished patrix should be a little thicker in the middle 
than at the ends, because the latter always wear away quicker, 
and for this purpose the ends are tapered off by a successipn ef 
etchings, commencing at the extremities, after which the roller 
is finally hardened. 

This roller is now employed to transfer the pattern to the 
actual printing roller, which must be turned down so as to 
correspond exactly to a multiple of the molette, and is then 
mounted so as to rotate on its axis, clamped in contact with the 
mplette roller, and set in motion, slowly at first, but more 
quickl^ttorwards, plenty of oil being applied. When the de- 
sign has been cut all round the printing roller, the molette is 
shifted by a distance exactly “corresponding to the length of the 
pattern, and fclamped on again, the whole series of operations 
being repeated until the full working width of the printing 
roller has been treated. The projecting portions are then ground 
smooth, and the roller is cleaned. 

ft being necessary that the ink should be removed as com- 
pletely as possible from the raised portions of the cylinder, the 
surface of the latter must be absolutely true, since the colour 
would otherwise collect in any irregularities — other than those 
of the pattern — and dirty the fabric. To produce this perfectly 
plain surface thp cylinder n slightly fetched with nitric acid and 
then lightly grouncl, wnich will reveal the projecting portions 
by the contrast between their smooth surface and the dulness 
resulting from the etching. These prominences are removed 
by etching, the hollows being lacquered over and the cylinder 
dipped in nitric acid. Finally, the whole cylinder is gently 
ground. Faulty engravings, as well as old patterns to 1 be re- 
placed by new ones, are removed entirely by grinding. 
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Engraved designs can be -produced on the moletie v the 
printing cylinder entirely by etching. In # the first jlace, the 
design is brought, by Ineans of a camera obscura. in a five-fold 
state of magnification, *on to a varnished zinc plate, aiuMhti 
details painted in their natural colours in order to facilitate re- 
cognition of^the parts which are in association anti have to he 
ttansfgired to the same roller. The outlines are then punched 
out, their dimensions being diminished in a degree determined 
by experience, because of the tendency of the acid rt) enlarge 
them in the etching process. The reduction of the magnified 
d^si^n to its original dimensions in the course of transfer to the 
printing roller is effected by means of the pantograph, the stylus 
of which is moved over tin* outlines on tfle zinc plate, whilst 
the diamond engraving point which marks the pattern on the 
lacquered printing cylinder has an amplitude of movement ordy 
one-fifth that of the stylus. A sufficient number of these 
diamond points is provided to mark the pattern over the whole 
length of the printing roller at one operation. The roller Js 
then etched in the usual manner, the lacquer wash*] dlf, and* 
the etching gone over with the graving tool * 

In printing on the cylinder nmchine the cloth suffers ex- 
tension mainly in a longitudinal direction, the stretching pro- 
gressing at each roller, so that on reaching the sixth roller it 
has attained about one-sixteenth of an inch. In n"dei»to 
counteract tfiis tendency the rollers are made of different sizes 
(diameter) ; thus, in a four-colour machine*, the first roller iH % 
little smaller than the second and third (which arc* equal), 
whijst the fourth an»P last are a little larger than the inter- 
mediate ones. The disadvantage of this method is that the 
serial order in which the rollers come into action is arbitrarily 
fixed beforehand. In soifie works # rollers of equal diameter 
are used throughout, and the stretching counteracted by 
special means* which, however, are not divulged by the users. 

Setting and Working a Single-Colour Cylinder Machine. 

• * 

# The^ chief parts of the single-colour cylinder printing press 
(Fig. 37) are as follows: (a) the engraved printing cylinder; 
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( b ) the backing cylinder; (c) the ink-duct; (d) the inking 
roller; (e) the scraper ; (J) the heating or drying plates. 

In this figure the goods lo be printed are indicated by g , the 
..backing cloth by i, and the intermediate cloth by h. The path 
taken by the goods is shown by the arrows, the cloth being 
unwound fiom the roller Jc, passed between the printing and 
the backing cylinders, where it is printed, and then led alter- 
nately upwards and downwards between drying plates, or dried 
by circulating through an enclosed hot chamber o , and finally 
delivered in folds, at l- L , • 

Successful printing depends on several points of detsd, 
including chiefly — a properly compounded printing colour and 
well-prepared printing cylinder being presupposed — the accurate 
working of the scraper. As already stated, this organ serves to 
scrape off tho colour from all the unengraved parts of the 
cylinder. It consists of a thin steel blade which is pressed 
against the printing cylinder, in the direction of rotation of,the 
latter, by means of a weighted lever placed on one side, and 
„ receh*.;- reciprocating motion by the action of an eccentric 
rod actuating a bell-crank lever. The upper edge is ground 
sharp, though in some cases ( e.g . striped patterns) a rounded 
edge is prefurred. When acid colours are used, the semper 
must be protected by a coating of varnish. In some cases a 
second or counter scraper is provided (m, Fig. 37), mounted in 
the opposite direction to the movement of the cylinder, its use 
being to remove any fine nap that has become separated from 
tho fabric, and prevent the same from getting into the colour ; 
this scraper is immovable. 

The backing or pressure cylinder serves as a solid abutment 
for the printing roller. To make this pressure elastic, the 
backing cylinder is mounted in adjustable bearings, which can 
be moved up and down in grooves by the aid of a train of levers, 
the pressure on the printing cylinder being increased at will by 
weighting the levers. The necessary accurate parallelism of 
the two cylinders is secured by the aid of strong screws, and 
the elasticity of the pressure is increased by covering the back- 
ing oylinder with several layers of tightly stretched printer’s 
blanket. The same object is effected by the backing cloth 
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(i, Fj,g. 37), an endless cloth composed of several layers of stout 
cotton fabric fastened together with caoutchouc; in this case, 
as also in the blanket clothing the cylinder, all wrinkles must 
nbe entirely avoided. The intermediate cloth, which keeps the 
hacking cloth from becoming stained by the printing colour, is 
of rough gassed cotton fabric, which after a while is cleansed 
by bleaching. It runs between the cloth to be printed and the 
backing cloth. After passing through the machine all three 
cloths are dried by being led between hot plates (/, Fig. 37), 
which are gcncnjly placed in the rear of the machine; or by 
circulating through a closed hot chamber. The intermediate 
cloth is afterwards washed and used over again ; though a 
better way is to keep this cloth in continuous motion, washing 
it by passage through a water-trough and roller brushes, after 
leaving the press, and then drying it on a hot cylinder. 

In printing, the printing cylinder is set in motion by toothed 
gearing, and carries the backing cylinder round with it.« A 
piece of the intermediate cloth is first passed between the 
cylinders, and the extra piece, attached to the cloth to be 
printed, is also passed through and fixed on to the guide bands 
leading to the drying apparatus. Both the goods and the inter- 
mediate must be quite straight, free from folds, and passed into 
the machine at a certain tension, which is attained by applying 
weights to the axes of the rollers on which these cloths are 
wound, in order to ensure uniform pressure against the bearings. 

The pull exerted by the two cylinders on the goods and inter- 
mediate cloth in order to unwind them from their respective 
rollers must never bo so great as to 'damage the fabriq, and 
Should remain as uniform as possible during the operation of 
printing —an object attained by the aforesaid weighting. 

The task of the printer consists in watching the fabric as it 
passes through tlfe machine, so as to immediately detect any 
defects in the printing. This is arduous worft, and requires 
the aid of a gbod light to perform successfully, on which account 
the machine is generally set up in front of a large window. As 
soon as the first yard has passed through the machine the* 
printer must satisfy himself, by turning up the edges' of the 
stuff, that the pressure is equal on both sides; Jhe colour 
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should show through at the back to an equal* degree on boil 
edges. The defeats arising in printing generally originate ir 
the seraper. Thus, if any solid substance, for example, get* 
between the scraper and the printing cylinder and lift up fhe 
former a little, the scraper will cease to act for that instant 
and will thu§ leave a cross stripe of colour on the cylinder 
Should the solid obstruction (e.g. a grain of sand) remain, th( 
scraper will be prevented from acting on the colour at that 
particular spot, and a longitudinal stripe of colour will therefore 
be formed. Similar stripes are also produced when the scrape] 
ha» become worn in places through constant friction against 
the engraved roller. If the edge of the scraper has not beer 
ground sharp enough, the impression of the outlines will be 
fuzzy instead of clear. When the printing cylinder is not true, 
the scraper will not touch such parts as are below the general 
level. • 1 

Another cause of defective printing may reside in the colour, 
especially when this does not properly come off on to the cloth., 
but remains in part in the channels of the engravea^surface. 
When such is the case, the inking roller must be replaced by a 
roller brush. In the case of colours, like chrome yellow, that 
exhibit this defect in a higher degree, a second stationary brush 
must be fixed up in front of the printing cylinder. 

In any event, as soon as any defect in the printing is noticed", 
the printer must stop the machine and remove the cause. As 
the scraper is the chief cause of defects, this tool must be re- 
ground after a certain number of pieces have been printed. 

When a change of colour is made, the printing cylinder, 
scraper, and ink-duct must all be thoroughly cleaned, the best 
plan being to keep separate sets of brushes and cleaning cloths 
for blue, red, and in fact for each different colour used. 

Setting up and Working a Multiple-Colour Machine. 

Although cloth-printing machines have been constructed to 
print as many as twenty, twenty-five, and even more colours, it 
is not usual to go higher than twelve, since the heavy pressure 
to which the fabric is exposed necessitates the employment of 

22 
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stronger colours (i.e. richer in pigment). The machines most 
frequently are twb to six-colour presses. 

The multiple-colour machine has a separate printing cylinder, 
ink-duct, ink-rolled, and scraper, for ekch roller ; a three-colour 
machine, therefore, having three printing cylinders, three ink- 
ducts, threb inking rollers, and three scrapers. On the other 
hand, there is only a single backing cylinder, backing clpth, and 
intermediate cloth, as in the single-colour machine. 

In this case the arrangement for producing elastic pressure 
is somewhat different. The backing cylinder, the size of which 
depends on the number and size of the printing cylinder^ is 
mounted on bearings that can be raised and lowered by means 
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of screws, but it is kept fixed during printing. The set of levers 
mentioned in the single-colour machine acts in this case on the 
lowermost printing cylinder, the others being pressed against 
the backing cylinder, either by the aid of screws fitted with 
rubber rings or else by ipeans of levers. 

The .principal* difference in the method of working the two 
classes of machines consists in the method of producing, the 
register, i.^the proper relative adjustment of the various parts 
composing the pattern. For this purpose a spe<?ial device is 
required — the wheels mounted on the different roller spindle*, 
which are driven by a pinion in the centre, being fitted with a 
device which enables any difference in the movement and situa- 
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tion of the individual rollers to*be com{>ensated ; these wheels 
are therefore called regjster wheels. A 9leevi e is fastened on 
the trunnion of the printing cylinder b by means of the spring 
key c and set screw d , an(f is loosely connected with the driving- 
wheel / by means of the screw g. A screw h passes through 
the lug i on sleeve e } and rests at both ends against tw f o 
half-moon lugs k , l on the printing cylinder wheel. On turning 
the screw in one or the other direction by means of a koy-pin 
passing through the head (which can he done whilst the machine 
is running), the sleeve * is moved in an axial direction and im- 
parts a similar movement to the printing cylinder, so that in 
this way the rollers can be brought into register when either too 
far ahead or behind. It is, however, necefsary to Ijave the 
register approximately correct before starting, and this is 
effected in the following manner: — 

The lower roller is first put into position and set parallel to 
the axis of the hacking cylinder, the other rollers being then 
put in and set parallel to the first. The cylinders having beorw 
marked by the engraver at the place where they coftespond, 
that on the first roller is now marked with chalk, and the 
machine is started slowly, only the!* intermediate cloth being 
run through at first. This chalk-mark prints off on the inter- 
mediate clotty and the resulting impression should ejactly 
coincide with the corresponding marks on the other cylinder? 
if the register is correct. This will rarely if ever be the case at 
the outset, and it will he necessary for the printer to adjust the 
register either by a lateral movement of the rollers or by means 
of register wheels. This having been approximately done, the 
ink-duct is filled with colour, and a remnant of cotton fabric is 
run through the machine, the resulting impression showing 
what additional correction fs required to obtain a perfectly 
accurate register. * • 

In beginning t?) print, the machine is first run very slowly ; 
and the printer must give careful attention to all the points 
already mentioned in connection with single-colour printing; 
io addition to which he will have to look after the register all 
the time* the printing continues, since slight alterations of 
register are# constantly occurring, as a result either of slight 
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modifications in the tension of trhe fabric, or from other causes. 
This wjrk of adjhstme'nt can always he carried out while the 
machine is running, stoppages being avoided as mu£h as 
possible, since they are liable to produce light streaks on the 
goods, in consequence of the colour running out of the engraved 
parts near the point of contact with the material. 

t An unavoidable inconvenience in multiple colour-printing on 
the cylinder machine is, that the colour cannot be completely 
removed from the smooth parts of the cylinders by the scraper, 
and consequently small particles of colour are left on the 
material, and get mixed with the next following colouj. On 
this account great care must be taken to use the most delicate 
colours ( e.fj . pink, yellow, pale blue), first leaving those capable 
(like black) of doing most damage until last. To prevent a 
clouding of the colour by preceding colours, a so-called water- 
roller is placed between each two-printing cylinders. This 
consists of a smooth cylinder, provided with a scraper, and fed 
with a thin solution of tragacanth or gum. Sometimes the 
final printing cylinder is followed by a smooth cylinder, which 
presses the colour into the material. This is employed when 
it is desired to have the pattern on thin material shown up 
about the same on both sides, so that the corresponding parts 
exactly coincide, as in the duplex printing machines, which will 
print up to eight colours on each side, the method of working 
being shown in the diagrammatic sketch (Fig. 39). 

Really the machine consists of two machines, each having its 
own backing cylinder, backing cloth, and intermediate cloth. 
The engraving on the rollers of the 6ne machine is to # those 
of the other as image and reflection. 

Beforo beginning to print the actual fabric, about thirty yards 
of material are run through the machine to enable the rollers 
to be adjusted aflfd set in register. For the latter purpose all 
the rollers of each separate machine are connected with a large 
register wheel, so that the whole of the rollers can be adjusted 
to the same extent by a single register screw. After the im- 
pression the stuff is passed over a water-roller. Printing bn* 
both sides is more particularly employed for the production of 
curtains and upholstery goods and calico-printing. 




Fig. 30 . 
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Intermittent printing machiftes (“ jumpers ”) are used when 
the details of th£ pattern are repeated l at such wide intervals 
(longitudinally) that the rollers would have to be of unmanage- 
able dimensions. The machine introduced by Pickup and 
Knowles of Pendleton has rollers of ordinary diameter mounted 
in such a way that they make intermittent contact; for a certain 
number of revs., with the fabric running through the machine, 
and then move back automatically, for a definite interval, to 
give place to others. 

In the pile method of printing flannels and fabrics with raised 
patterns the printing rollers are merely brought into loese Con- 
tact with the surfaces to be printed. 

CALICO-PRINTING. 

The goods intended for calico-printing must be first bleached 
in the most complete manner possible. Soipe colours are 
printed on prepared fabric ; others without this preli urinary 
treatment. The preparation consists in padding the fabric in 
a sotutiTWi of Turkey-red oil (about 9 oz. per gallon), followed 
by drying. Some colours, especially alizarine red and rose-red, 
show up much brighter dn prepared stuffs, and this property 
of Turkey-red oil is also utilised to revivify certain colours 
that l}ave suffered under treatment subsequent t<? printing (e.g. 
*fiy chroming), the goods in this case being padded with Turkey- 
red oil, dried and gently steamed for a short time. 

The different styles of calico-printing are as follows : — 

1. Reproduction of the pattern by direct printing. 

2. Combined dyeing and printing. • 

3. Discharge style printing. 

4. Reserve style printing. 

§ 

u Reproduction of Pattern by Direct Printing. 

In this case the principal thing to be considered is the colour, 
its preparation, and fixing. 

The printing colour contains a solution of suspension of one 
or more dye-stuffs, solvents such as alcohol or organic acidc, 
mordants, tannin, thickening material, and occasionally other 
substances as well. 
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The dye-stuffs raustbe always of the same strength, and^ con- 
sequently have to be first tested by a sample printing Each 
dye-stuff is dissolved separately, the solution being used only in 
a filtered condition. Dye paste should be ‘carefully stirred* up# 
before being sampled ; and solid dyes must be reduced to the 
finest possrfeJe state of division for use. * 

The*nordants are, for the most part, salts of acetic, lactic or 
formic acid, which are prepared in a concentrated form by the 
printer, and kept in stock, it being difficult to increase'the con- 
centration, though dilution with water can lie effected as re- 
quired. The fixing agent used is tannin, generally dissolved in 
water and acetic acid. 

* 

Oleic acids (Turkey-red oil) are frequently added to brighten 
colours, but are not used for fixing. Both the mordant and the 
fixing agents must he tested by an experimental printing, to 
determine thqir quantitative relation to the dye and influence 
on trho shade and brightness. 

A fixing agent of special character is albumin, 1 inasmuch j,s 
it is also a thickener. For bright colours egg albunJfrn is # used,« 
but for all others the less pure hut much cheaper blood albumin, 
which is prepared by evaporating defibrinated blood in vacuum 
pans. To prepare the solution of blood albumin, cold water 
must be usqd, a typical method for large quantities being to 
distribute 66Jb. of albumin in 6-J gallons of water and # leave*it 
to steep for twenty-four hours, after which 1^ gallons of oil 
of turpentine are stirred in (to prevent frothing in printing)* 
and £ gallon of ammonia to keep the solution from turning 
sour.# 

When the fabric printed with albumin is exposed to heat (e.\ y. 
by steaming), the albumin coagulates and adheres to the fabric 
as an insoluble mass which fixes tl*e colour with which it is 
incorporated. # • 

The adjuncts to printing colours are acetic acid, tartaric 
acid, sodium chlorate, olive oil, fats (tallow, lard, etc.), tur- 
pentine, glycerine, and sal ammoniac ; other adjuncts being 

1 It boon proposed to replace albumin by the cheaper glue or gela- 
tine rendered insoluble with formaldehyde. In such event the colour must 

Wo m l vo/1 mli.W r. Inn o rwl lovttio MaVm/ln n f 0/1 anrl ut/iarnfiA 
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used £nly in exceptional cases. Acetic acid serves to dissolve 
the dye-stuffs and tcolour lakes, a purpose also served by the 
less frequently used tartaric acid. Sodium chlorate is addfed as 
*an oxidising agent* to some colours— aniline black, logwood, 
etc. Olive oil softens the colour and facilitates printing, the 
same effect being produced by other fats. Turpen^eis added 
to some colours to prevent frothing in the ink-duct. * 

On account of its non-drying properties, glycerine forms a 
’useful adjunct to many colours, especially such as are prepared 
with gum or albumin ; it prevents frothing, softens the colour, 
and keops it from drying on the printing cylinder., Sal- 
ammoniac, being hygroscopic, is added to colours which it is 
advisable to preveifu drying quietly, e.<j. aniline black. 

Thickening Agents. — These consist chiefly of wheat starch, 
flour,. baked starch, gum, and albumin. Wheat starch is per- 
haps the most frequently used for thickening in calico-printing. 
The paste is prepared by stirring up the starch to a thick 
pulp, with a little water, and gradually adding more water 
until t thw milk is produced, whereupon the rest of the water 
isUdded all at once, and the whole is boiled until the thickened 
paste begins to turn a little thinner. It is then cooled and 
stirred until 'quite cold, to prevent it getting mouldy. 

Boiling is effected in pans of the type shown in Fig. 40. 
Steam Heat is used, the steam being admitted through /, y, and 
h in the steam jacket b , the excess and condensed water being 
•drawn off at c . When the boiling is finished, the steam is shut 
off, c is opened, and cold water is run into the jacket from i, 
through m. Stirring is effected by so-called planet stirrers, l , 
the stirring paddle, in addition to rotating on its own axis, also 
describing a circular path round the inner wall of the pan. To 
empty the pan tho stirring apparatus is uncoupled. at t t r, and 
the pan in tipped tlboul on its horizontal axis after the paddles 
have been taken out. This thickening material is generally 
prepared in two strengths, the one containing 100 parts, the 
other 150 parts by weight of starch per 1000 parts of water, 
the strength being accordingly expressed by y^^and * ' 

* Wheat starch paste is unsuitable for colours containing 
strong acid or some strong acid salts, which act upon it and 
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concert it into dextrin, which foims a thinner solution. Acetic 
acid, however, produces no change, even on boiling. 

As a rule, the starch is merely tested for its thickening pro- 
perties, and for thef presence of insolifble foreign matters such 
as sand, etc. In the first test, starch of acknowledged quality 
is employed for comparison, a thin'paste of equal jpcncentration 
being prepared from each, and their consistence compared by 
allowing them to drop from a spatula. To test for insoluble 
matter*/ capable of forming scraper streaks in printing, the 
starch is stirred «up to a thin milk with* water, whereupon the 
solid foreign matter will quickly subside and can be examined 
after the liquid is poured off. 

Two kinds of roasted starch are prepared, namely, light and 
dark, the' former being a light brown powder, which is mixed 
with water in the proportion of 7 parts to 5, 5 additional parts 
of water being then added, and the whole boiled for about two 
hours. To tho same class also belong a number of white«pro- 
cjucts, c.(j. dextrin, prepared by heating wheat starch to about 
100°TJ. with dilute acid ; British gum, a dextrin from rice and 
maize starch ; Loio gum, a roasted potato starch, and crommelin 
and ly-chow , which are similar products. These light roasted 
starches do ' not thicken so strongly as starch itself, but are 
very useful for thin colour. They are soluble .in ? water in all 
proportions. 

Park roasted starch is prepared by roasting starch at about 
200° C. In consequence of excessive roasting, it often contains 
a brown insoluble substance which would choke up the en- 
graving, and must therefore be kept out of the printing colour. 
To determine the value of starch of this kind, a small quantity, 
about 10 grms., is dissolved in half a litre of water, and left to 
stand awhile in a graduated cylinder, the insoluble sediment 
being tb?n measured.*’ The utility of the sample is in inverse 
proportion to the amount of the sediment. 

This dark roasted starch has only about one-fifth to one-sixth 
the thickening power of wheat starch. In consequence of the 
sugar content it may sorvk to retard the oxidation of certain*. 

* dye-stuffs or iron mordants. When printed it does nOt pene- 
trate so deep into the fibre as unroasted starch also when 
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dried it is more readily softened by water, and can thejjefore 
be more easily washed out of the fabric tham the lattqj\ It is 
very"useful for strongly acid dyes, and is really the only suitable 
thickening for strongly Alkaline dyes. In # these cases, roasted * 
maize starch is generally used. The solution is prepared 
by stirrin^s^) 10 parts of tfie starch with 5 parts of water, then 
adding another 5 parts of water, and boiling the whole up for 
tw r o hours. All the different gums used are chiefly made of 
gum-arabic, tragacanth, and Senegal gum. Latterly* soluble 
gums, generally prepared by boiling the insoluble gums under 
pvessure, have also found employment. 

Gum-arabic is one of the oldest thickenings used, and is par- 
ticularly suitable for pale clear tints, llo^i raw and roasted 
starch cause the fibre to look darker and stronger tlmn when 
printed with gum thickening. The colours thickened with 
gum dry quickly and contract the material, on which account 
gum is unsuitable for printing mordants, because in this case 
the colours do not show up full when subsequently dyed. # 

The contraction of the material by gum can be pnSventad by 
adding a little pipeclay. Gum-arabic being* dear, it is when- 
ever possible replaced by light roasted starch or tragacanth. 
Frequently it is used for colours that must be applied in con- 
centrated sqlufcion, in which case it is strewn in the form of 
powder. The solution of gum-arabic is prepared by stiYring f/p 
the gum with boiling water, and then either boiling or leaving 
to stand until dissolved. Should the solution be lumpy, an 
adulteration with insoluble gums is indicated. The usual 
strength of the solution is either 1000 parts o^r 800 parts per 
1000 of water. As dissolved gum readily falls a prey to acid 
fermentation, the solution should be prepared in small quan- 
tities only, and stored iit a cool place. Fresh solutions of 
gum should not be put into vessels containing remnants of old 
solution. % 

Senegal gum, although very cheap, is not in much favour; it 
sticks too fast to the fabric, and therefore can only be used 
• with colours that will stand vigorous washing. It imparts a 
certain smell to the material. 

Tragacanth is a very important thickening, and is used in a 
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thick mucilage or as tragacanth water. The thick mucilage is 
prepared by suffu; ing tragacanth with hot water (60 parts tor 
1000 of water), leaving to stand for twenty-four to twenty-eight 
hours, and then boiling in a closed cylinder until the mucilage 
has become perfectly homogeneous (four to six hours). The 
thickening most frequently employed, especial ly^ior tannin 
colours, is a mixture of equal parts of wheat starch paste and 
tragacanth mucilage (^ $jj 0 ). This is sometimes known as mark 
1/1. The thickening power of all these substances is tested 
in exactly the same way as with wheat starch ; in some cases, 
especially gum-arabic, they are also tested to see if they* clold 
the thickening colour, for which purpose a sample print is 
jn&de with a Ugh* colour, such as pale blue and methylene 
blue. 

These thickenings are mostly prepared separately, and then 
added to tho corresponding colour solutions and adjuncts before 
use. A few of the readily solublo substances are sometimes 
mixed in the solid state with tho warm thickening; fats must 
always be boiled in mixing; dyes and mordants, on the other 
hand, must only bo mixed cold, since otherwise precipitation 
might occur through the formation of lakes. Formerly the 
printing colours, especially those containing starch, were 
generally boiled, i.e. the starch was mixed not only with water, 
but also with the dye-stuffs and several necessary adjuncts 
(excopt mordants), and then boiled for an hour or longer in the 
same pans as used for making wheat-starch paste (Fig. 40). 

Apparently the sole object of this in most cases was to com- 
bine the gelatinisation of the starch and the mixing with the 
other ingredients in one operation. This is still done when a 
better incorporation of the ingredients can be secured by boil- 
ing them all together, e.q. in the case of colours containing 
dye-wood extracts. Since most printing colours contain acetic 
acid and olive oil, these substances are very often added in pre- 
paring tho starch paste, from ^ to of a gallon of 6° B. acetic 
acid — according to the colour — and about to 7 oz. of olive 
oil per gallon of thickening being used. In the case of starch- 
tragacanth thickening, the finished tragacanth mucilage is also 
boiled over again. 
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All thickenings must be stmined for the removal of lqrtips 
and solid particles, and this is effected # eithei by putting them 
in a t>ag strainer and forcing them through the meshes of the 
fabric by pressure and Misting, or placing •them on sieves and i 
working them about with brushes by hand or mechanical 
appliances imitation of hand labour, in order t£> rub them 
through It is also advisable to strain the finished printing 
colour after the addition of the thickening material to tho other 
ingredients. • 

All these thickening^ and other dissolved substances used in 
pi^paring the printing colour are measured out in graduated 
copper vessels, which is quicker than weighing; dye-stuffs and 
dye pastes, however, are weighed. The finished colour is stored, 
in earthenware vessels or wooden casks, which are marked to 
prevent confusion. If a lighter shade of an already prepared 
printing colour is required, it may be obtained by diluting the 
latter with a given weight of the same thickening that was 
originally employed; for example, a red printing colour 
thickened with starch paste and numbered “red re- 

duced with three parts of the same starch paste ; this reduced 
or diluted colour will then be numbered “ red 100 J ”. In dilut- 
ing tannin colours the diluent thickening should receive a 
sufficient addition of tannin to contain approximately the same 
percentage of tannin as the printing colour itself. This is 
necessary because the thickening material and the cotton both 
absorb certain quantities of tannin. 

To calculate the cost of a printed article, the amount of colour 
consumed in printing single piece must be taken into con- 
sideration as well as the price of the printing colour itself. This 
is done in the following simple manner : — 

The colour is weighed before use, and again after a certain 
number of pieces have been printed, the difference i’J weight 
giving the amotfnt consumed. 

> 

Employment of Mordant Dye-Stuffs. 

, 'Thanks to their fastness, the mordant dyes play a predomi- 
nant part in calico-printing. They are all so-called “ steam M 
dyes, because the aid of steam * is necessary to effect the 
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combination of the dye with the mordant, the formation of the 
colour lake, and t^e fixitag of the latter on the fibre. 

Alizarine is the most important of the series. For red and 
rose it is used along with alumina irfordants (with or without 
tin mordants); with iron mordants for violet, and with 
chrome mordants for Bordeaux and brown. In tlj^case of red 
and rose the goods must always be prepared before printing, as 
otherwise the colour will come out dull and impure. The blue 
tinge alizarine marks are used for rose, whilst for red those 
chiefly consisting.of flavopurpurine are taken. 

Of the other mordant dye-stuffs the following are chiefly used : 
alizarine viridino, alizarine green, etc. (as chrome lakes), for 
greens (cooruleine,' formerly so important, having now receded 
into the background) ; quercitron and buckthorn berries (as tin, 
alumina or chrome lakes) for yellow and brown; alizarine 
yellow GG, R, Oriol yellow, calico yellow (Gy), chrome yellow, 
diamond flavino, etc. (as chrome lakes) for yellow ; alizarine 
orange, with alumina for orange, and with chrome for brown. 
OthotMess* stable dyes are also used for orange : chrome orange, 
diamond orange, etc. For violet (apart from alizarine-iron) : 
gallocyanine, galleino (as chrome lakes), alizarine bordeaux 
(with alumiAa), alizarine garnet, alizarine heliotrope, modern 
violet, alizarine cyclamine (with chrome), etc. , For blue : 
alizarine blue (with chrome, nickel or zinc), alizarine cyanine, 
gallamine blue, dolphin blue, celestine blue, philochromine G 
(with chrome), etc. ; for grey : alizarine black (with chrome) ; 
for black, logwood. The last named is also used for mixed 
colours (various browns). Redwood' and catechu arq, now 
rarely employed* in calico printing. 

Without going into special details, not much can be added to 
what has already been givyi as to the preparation of the print- 
ing colour. The Alizarine dyes are mixed with the thickening, 
in the cold, whereas dye-wood extracts are generally boiled in 
the course of preparing the thickening. For producing light 
shades, the printer usually prepares diluted pastes and extracts 
frort the concentrated commercial articles. The proportions of < 
Ingredients taken vary in different establishments ; the principal 
thing is to have the correot ratio of dye-stuff to mordant, and 
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in this respect it is always* preferable to havo too much 
mordant than too little, because in the* latter case the^unfixed 
dye iff loosened from tfie fibre in the subsecjient washing and 
dirties the material. Acetates were almost* the only mordants • 
used at one time, but now lactates, formates and bisulphites are 
employed ^well. The ctfrome mordants are the most im- 
portant^ but alumina, nickel, iron, and tin mordants are also used. 

Employment of Basic Dye-Stuffs. • 

An important part i% also played by the basic dyes in calico- 
printirjg, the following being those most in use: ordinary 
auramine and the G marks ; thioflavine, auracine (By), methyl- 
ene yellow (M.L.Br.), chrysoidine, phosphine; patent phosphine, 
flavophosphine, acridine orange, tannin orange, safranftie, fuch- 
sine, rhodamine, irisamine, rhoduline, pyronine, induline scarlet, 
brilliant green, malachite green, methyl green, methylene green 
(the fastest basic green), methylene blue, new methylene blue, 
ethylene blue, turquoise blue, cresyl blue, capri blue, Nile and 
glacier blue, Victoria blue, printing blue, acetine bl\e, methyl 
violet, methylene violet, tannin heliotrope, etc. Some of them ex- 
hibit a tendency to encrust on the urnngraved parts of the print- 
ing cylinder, and in such event a bar covered with flannel must be 
employed at that part of the cylinder where the counter-scraper 
is usually placed. 

The printing colour consists of three portions, all of which 
are generally prepared separately, i.e. the thickening — mostly 
wheat starch and tragacanth thickening, 1/1 gum water being 
often used for delicate tifits ; a solution of the dye in acetic acid 
and water, or acetic acid and alcohol ; and a solution of tannin 
in acetic acid and water. In recent times, abetic acid has been 
advantageously replaced by formic acid for certain dye-stuffs. 
For some colours tartaric acid, or ethyl-tartaric acid, is added as 
well ; this last-named acid, acetine, formine, or levulinic acid, 
being employed as a solvent in the case of the indufines. These 
additions, acetine in particular, have a beneficial action on most 
of* the basio dyes. In printing thef' ground of a pattern it is 
advisable to add hydrosulphite to the printing colour. Colour- " 
less tannin should be used for bright light tones, especially for 
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light blue. Most of the basic dyes show up better when printed 
on prepared clotb 

The basic dyes * re used in a special manner for the produc- 
tion of the so-.called “ Lucca ” goods, which constitute an imita- 
tion of Indian shawls. The goods are prepared by padding with 
a solution bf sodium stannate thickened with ^"solution of 
casein in water and borax. The dyes are mixed with pJbumin 
or various metallic salts, such as aluminium acetate and mag- 
nesium acetate ; with sodium arsenite and aluminium Acetate ; 
with arsenicateduglycerine, etc., and a thickening material, and 
fixed by steaming. « 

All the printing colours prepared with basio dyes are steam 
colours, steaming ieing indispensable to fix them on the fibre. 

Employment of Albumin Dye-Stuffs. 

Many of the mineral pigments, such as ultramarine, ver- 
milion, chrome yellow, orange chrome, chrome green, vasious 
ochres, and, lampblack paste (for grey, shaded with ultramarine), 
being insoluble, cannot be fixed on the fibre in any other way 
than by mixing them with albumin before printing, the fixation 
of the colour and the recovery of the albumin being then 
effected by steaming. Hence these colours also are “ steam 
colours ”. Occasionally other colours capable of employment 
in othei ways can also be used as albumin colours, e.g. buck- 
thorn-berry tin lake,*erythrosine — precipitated from its solution 
by sulphuric acid, and mixed with albumin — as also solutions 
of basio dyes, such as methyl violet and fuchsine. 

In order to economise the expensive ingredient albumin, it is 
generally replaced in part with tragacanth mucilage or starch 
paste : naturally, tne lower the proportion of albumin employed, 
the less satisfactorily willjhe coloih’ be fixed. 

The beauty of ‘the mineral printing colours varies directly 
with the fineness of division, for which reason it is the general 
practice to grind the commercial colours (chrome yellow and 
orange ohrome pastes) for a considerable time, in association 
with a little dissolved gum, in indigo mills. In printing with 
these oolours, the usual inking roller is replaced by a roller 
brush, and frequently a counter brush must be used as well. 
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Ultramarine, being difti<fcilt to moisten, must be converted 
into paste with a little alcohol. In using this pigmei^ it must 
not4)e forgotten that'it is easily decompose/ by acids. 

Chrome yellow and Grange chrome are printed in association 
with a salt of cadmium, the object of which adjunct is to 
counteract # the tarnishing effect of sulphuretted hydrogen 
(PbS^ by forming a yellow sulphide. 

Owing to their high cost the use of albumin colours is con- 
fined almost exclusively to indigo discharge 1 style printing. 

• 

Employment of Direct Dye-Stuffs. 

Of these dyes, which play such an important part in cotton- 
dyeing, only a very small number are used, and that, too, for 
the production of light grounds. These comprise cRrysamine, 
chloramine yellow, brilliant geranine, diamine pure blue, etc. 
For the most part they are simply mixed with the dressing pre- 
paration and applied to the material therewith. 

They are also used for printing hy sliding contact, and for ^he 
production of coloured crepon effects, for which strongly alka* 
line printing colours are employed. • 

• 

Employment of the Developing Dye-Stuffs. 

The method of applying the ice colours is the same as in 
dyeing, the ‘fabric being prepared with /?-naphthol, dfied, aad 
printed with "the thickened solution of the dinzolised amine. 

The instability of the diazo solutions makes itself felt heio 
even more than in dyeing. All these colours have the defect 
of being unable to $tand steaming, and being therefore unsuit- 
able /or mixing with steam colours. Nevertheless they play 
a still more important part in calico printing than in dyeing, 
especially since the introduction of the stable hydrosulphite 
preparations. # • * • 

Nitroso-blue, Introduced by the ifdchst Farbwerke in 1898, 
belongs to the class of colours produced by condensation on the 
fibre. It is obtained by condensing nitrosodialkylanilines with 
^phenols, and is an oxazine. The mSst important mark is MR, 
obtained from nitrosodimethylaniline and resorcin. Aqueous* 
solutions of the two components (the first named as a chloride) 

* ‘28 
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are prated in association with tf.inin (the amount of which 
has a gj-eat influence on the resulting shade), oxalic acid, 
sodium phosphate t,to protect the cotton-fibre from the hydro- 
chloric acid) and a-thickening medium; dried, developed in 
the Mather-Platt, fixed with antimony, and finally lightly 
soaped! “ 

On account of its cheapness, fastness, and the ease with 
which it can be ‘reserved, it has found great favour for various 
articles, especially raised, winter goods. 

Aniline black, having already been fully described as oxida- 
tion black, requires little additional mention Wre. The same 
mixture as before is employed, and, being suitably thickened 
— preferably with dextrin — is printed on the fabric, the black 
being then developed just as in dyeing. In order to minimise 
the injurious effect produced by the acid, a portion of the ani- 
line is used in the free state as aniline oil. When the goods 
are first printed with a lead salt, for the production of chrome 
oojpurs, the aniline chloride is replaced by aniline nitrate, since 
'otherwise kiad chloride would be formed, and would incrust 
the scraper of the black roller. Also by using the nitrate less 
aniline is consumed. 

For printing aniline black, vanadium or copper sulphide is 
used. 

•"The vanadium solution is prepared by dissolving 20 grammes 
of commercial ammonium metavanadate in 100 c.c. of hydro- 
chloric acid and 200 c.c. of water, the solution being warmed 
with commercial bisulphite until a blue coloration is produced 
and solution is complete, whereupon the w’aolo is diluted to 20 
litres, which then contain 1 gramme of ammonium vansdate 
(as ohloride) per litre (II. Schmidt). 

The copper sulphide paste, is plepared by mixing 11 lb. of 
flowers of sulphur with 4^ gallons of caustic soda (36° B.), 
and leaving to stand for several days until quite dissolved, this 
being assisted by warming if necessary. On the other hand, 
53 lb. of copper sulphate are dissolved in 55 gallons of hot 
water, and mixed with thfe sulphur solution, the resulting pre- 
cipitate being collected on a flat linen filter and well washed 
with hot water. The precipitation must not be effected from 



PRINTING. 


3 « 


concentrated solution, or tfte copper sulphide deposited# will be 
coarse in grain and carry down with'it some of the copper sul- 
phate, which will then decompose the padding liquor quickly 
(Kielmayer). The copper sulphide past<$ must be kept 8. way 
from the air, being stored under a thin layer of ammonium 
sulphide* B In the event of any oxidation, it must'he placed on 
a filter and washed with ammonium sulphide and water. 

The amount of oxygen carrier used depends on the quantity 
of aniline and oxidising agent, and on the manner in which the 
subsequent developing is conducted, the rnrte of development 
tyeing quicker as the amount of oxygen carrier is increased. 
According to Witz, 1 part of vanadium protochloride is suffi- 
cient to convert 200,000 parts of aniline siflt into black; but in 
practice the quantities used are much larger, varying from t l 0 
milligramme to several milligrammes per litre of padding solu- 
tion. The proportion of sulphur paste — which is about 30 per 
cent, strength — is about 10 grammes per litre. 

The action of vanadium is attributed to the formation of a 
very unstable chlorate; and that of copper sulphide to thd 
formation of a copper salt. 

Sometimes a so-called aniline st<mm black is used, the colour 
being developed by steaming. These colours are either com- 
pounded in the same way as Prudhomme black, or elsejcontain 
yellow lead chromate instead of fcrrocyanide. Moreover, •in 
light patterns, an ordinary aniline black can be developed by 
steaming, in which case the printed goods are first developed 
in the oxidising chamber, then passed through ammonia vapour 
and ejitered in the warmed and closed steamer— on the floor of 
which one or two pans filled with ammonia have been placed 
— where they are steamed in the usual waylfor about a quarter 
of an hour. 

Aniline black always corrodes the scraper to some extent, 
and this shoulfl therefore be ground afresh after a certain 
number of pieces have been printed. 

The history of the evolution of aniline black is very in- 
.tdtesting: — 

The first aniline black printing colour was prepared by John 
Lightfoot ip 1863, and consisted of aniline, hydrochloric acid, 
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acetic pcid, potassium chlorate, cupric chloride, sal-ammoniac, 
r and starch paste. When this black was printed without copper, 
by the aid of a woolen roller, it did not develop at all, but the 
black showed up after being placed irf contact with a metal 
. plate for a short time, from which behaviour Lightfoot con- 
cluded that metals were essential to the development of the 
black. However, the employment of soluble copper. salts 
proved a f failure, owing to the formation of a precipitate of 
aniline black within the colour itself. Subsequently attempts 
were made to obviate this by impregnating the goods with a 
solution of copper sulphate by padding, and employing a cplou*, 
free from copper, for the printing. In this case, however, the 
white of the fabric nfast be cleaned by treatment with ammonia. 
Finally, recourse was had to insoluble copper salts, like copper 
f* rrocyanide or copper hydroxide ; in fact, the recommendation 
made by Lauth in 1864 to use copper sulphide is still followed 
at the present time. For hand-printing, however, copper «ul- 
ptate must be retained, because the paste preparations readily 
lnorust theTilock. 

It is now known that metals are not essential for the develop- 
ment of aniline black ; all they do is to decompose the chlorate, 
which object can also be effected by the aid of acids. 

A further important advance was the introduction of aniline 
taitrate, as a substitute for the chloride, by C. Koechlin in 1865, 
thus making it possible to print even the finest fabrics with 
aniline black without any risk of corrosion. The quantity of 
tartaric acid employed to dissolve the aniline is between that 
required for the formation of the neutral sa4t, on the one, hand, 
and the acid salt on the other. Without sal-ammoniac it is 
impossible to obtain a good black ; and the action of this salt 
is explained by the assumptiop thftt, by temporarily producing 
aniline chloride, it helps to start the oxidation. 

An aniline black produced with tartaric acid requires much 
more chlorate — 70 per cent, and over — than the ordinary black 
with aniline chloride. This consideration and the use of tar- 
taric acid render this colouV so dear that it is now seldom usdd. 

A further very important improvement was the introduction 
of Prudhomme black, which does not attack the fibre, and, by 
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reason of its slowness in d^veloping^ enables reserve styles to 
be obtained on an aniline black ground. Still another is the 
diphenyl black base from which a perfectly non-greening black 
can be obtained. 

Another colour produced by oxidation on the fibre is the para- 
mine brotvn, already mentioned. This is a very good substitute 
for catechu, which has the disadvantage of clogging the print- 
ing blocks and rollers, and of requiring to be chromed in de- 
veloping. Paramine brown is largely used, especially for raised 
fabrics. # • 

• The mineral colours developed on the fibre in calico-printing 
are the same as used in ordinary dyeing. 

The usual plan in the case of chrom£ yellow tyid orange 
chrome is to print with a suitably thickened mixture of lead 
acetate and nitrate, and then treat exactly in the manner de- 
scribed in thq previous chapter. Tron chamois is seldom used. 
Berlin-blue is never employed alone in calico-printing, but only 
as an adjunct to various printing colours, e.g. logwood Jdafck 
and with mordant dyes or tannin dyes for olive-green and 
brown shades, by mixing potassium ferrocyanide therewith, 
Berlin-blue being then formed, in the presence of # acids, by the 
heat of the steam chamber. 

A “ steals chrome yellow ” and “ steam orange chrome ” are 
produced in printing with lead acetate and nitrate in conjunc- 
tion with barium chromate paste, and then steaming. 

A manganese bistre can also be produced as a steam colour 
by printing a mixture of sodium or potassium bichromate, 
manganous chloride, and sodium acetate, the oxidation being 
effected by steam. 

Employment of the Sulphur Dye-Stuffs. 

The employment of sulphur dyes in calico-printing was 
greatly impeded by their low resistance to bleaching and by the 
corrosive action of the alkali-sulphide printing colour on the 
copper rollers. To remedy this latter drawback it was proposed, 
•on the one hand, to use nickel-plated rollers (Bayer), and on # 
the oth£r to add bisulphite (Cassella) to the printing colour. 

Since then, special marks of these dyes have been introduced, 
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which enable printing to .be done, without difficulty, by the aid 
of hydrckulphite aril lye, glycerine being added as a hygroscopic, 
and^ kaolin to prevent the impression from running. After 
printing, the goods are well steamed in a moist atmosphere in 
the Mather-Platt for 3 to 6 minutes, this being repeated and 
followed by washing and soaping. For some sulphur dyes the 
fabric must be soured in a bath of sulphuric acid and cropper 
sulphate. previous to washing (10 grammes of sulphuric acid 
and 2 grammes of copper sulphate per lifre, at 50° C.). 

The use of strongly alkaline printing colour enables discharge 
effects to be obtained with the sulphur dyes, e.g. on Turker/-red. 
Discharging the sulphur dyes themselves (oxidation) can mostly 
only be effected with light shades or on very thick fabrics, 
though certain of them, such as melanogene blue, discharge as 
easily as indigo and can therefore also be used for bottoming 
indigo dyeings. 

Employment of the Vat Dye-Stuffs. 

In addition to indigo, the vat dye-stuffs include : thioindigo 
red, thioindigo scarlet It, indophenol blue, indanthrene and 
several new anthraquinone dye-stuffs. 

The method of direct printing with indigo formerly employed 
was the. Schlieper-lkum glucose method, especially in produc- 
ing fast red and blue styles by printing over Turkov-red. 

The modus operand i is as»follows: The fabric is first im- 
pregnated with a solution of grape sugar by padding, and then 
well dried. The printing colour consists of a thickened mixture 
of finely ground indigo paste and concentrated caustic ■ soda, 
and the main point to be watched in its- preparation is to pre- 
vent the mixture heating. -The pressure applied in printing 
should be slight, in order to prevent the colour being forced too 
deeply into the fabric. The goods are then dried in a hot-air 
chamber to prevent the conversion of the sodium hydroxide 
into sodium carbonate — which would have a reducing action in 
the subsequent operations — and then steamed in a special 
chamber, where they are exposed for a few seconds to steam 
that is free from air. 

If, however, hot dry steam (above 100° C.) be used, the steam- 
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ing may be prolonged, and th this wav the use of indigo can be 
combined with that o # f steam colours (Kalle). Steamyig effects 
the actual fixation of the colour by reducing thb indigo to indigo * 
white, the fabric being*then quickly washed — preferably opened 
out — with plenty of water which carries away the soda lye and 
re-oxidist*s.the indigo white to bln* 1 . 

The propiolic acid method of printing was only tried for a 
short time and on a small scale. 

A more important method is that in which Kalle’s “ indigo 
salt” is used, # the mark T in particular«heing suitable for 
ielicite pale blue patterns. Jly means of a new method by the 
same makers, indigo salt can also he printed along with 
caustic soda, the colour being developed* 1>\ steaming in the 
absence of air. 

The lldchst method is also a good one, indigo paste, together 
with hydrosplphite and lye, being printed, and developed by 
hof (above 100° C.) steam free from air, in a special Mathei- 
Platt. ^ * 

The method is also suitable for producing the last red-and- 
blue style. 

Thioindigo red (Kalle), the fifst red vat dye-stuff, is well 
adapted for calico printing. The dye-stuff is printed along with 
caustic sotty, (hydrosulphite being added for dark shades), dried, 
and steamej at LOG” to 108° C., the resulting louco compound 
being developed, in the case of light shades, by washing with 
water, and, for dark shades, by entering in an acidified luke- 
warm hath of bichromate. 

Giving to its grftit fastness and the method pf fixation which 
enables it to be used along with indigo and sulphur dyes, thio- 
indigo red is extremely valuable in calico-printing. 

Indigophenol blue give?* fasj, tones, very similar to indigo, 
when printed, though unfortunately ft is very sensitive to 
steaming, and therefore cannot he combined with steam colours. 
Nevertheless a short steaming is indispensable for the fixing 
of the dye, despite the dulling effect thereby produced ; and, 

• indeed, the longer the steaming the faster the colour to washing 
and shaping. 

To prepare the printing colour, the indigophenol is boiled 
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with agetic acid, wheat starch, anti tragacanth mucilage, and 
then mixpd cold wilh a ffvefold quantity of 20° B. tin acetate, 
f with which it is ‘left\to stand for some time in order to etfect 
the reduction to indigophenol white. After printing, the goods 
are left in the warm oxidising chamber for about thirty-six hours, 
then passed through ammonia vapour, to neutralise .tlfe acid in 
the printing colour, followed by a passage through the Mather- 
Platt, and by steaming in an enclosed chamber for a half 
to one hour, under low pressure. A pan* filled with ammonia 
is placed on the floor of tho steaming chamber. Finally, the 
goods are washed — also treated with potassium bichromate, if 
necessary — and hot soaped. 

Tho indanthrene dye-stuffs can be fixed on cotton, like indigo, 
by tho Hochst method with hydrosulphite and lye. The older 
method, in which the dye was printed along with tin salt and 
ferrous sulphate, and developed by passing through hot lye 
(containing a little manganese dioxide), has the disadvantage 
thq^. the colour is liable to run. 

r 

i « 

Employment of the Acid Dye-Stuffs. 

The acid dye-stuffs which "are unsuitable either for the dyeing 
or printing of cotton, are very seldom used in calico-printing; 
actually, only for the so-called “Lucca” goods. The colours 
are fixed in the same way as in the case of the basic dyes for 
tho same purpose. The dyes chiefly used are coralline, a few 
ponceaus, alkali blue, water blue, etc. 

Latterly it has been found that the eosines can be fixed on 
cotton by the aid of chromium acetate, after the manner di the 
mordant dyes. 

* For the production of various tirfis in calico-printing, use is 
made of the above-narfied dyes, either separately or in combina- 
tion ; for instance, yellow and blue for green ; tte first point to 
be borne in mind being whether, in the case of designs in 
several colours, certain dyes are suitable for conjoint use as 
regards their behaviour in printing and during the requisite 
after-treatment. Thus, for instance, one cannot use in colnbina- 
tion two colours one of which will not stand tho cprolonged 
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steaming which is absolutely necessary for developing *the 
other. Moreover, the best manner of producing a given article 
must? be decided upon each individual cas *j. For example, if 
the article in view is in K design of several colours on a dark, 
ground, it will be necessary to consider whether the snfall 
coloured portions can best* he produced by discharging or re- 
serving the dark ground or whether it would not be preferable 
to print all the colours direct. The decisive factors in such 
cases are : the fastness and beauty of the resulting frint, the 
relative practicability of the methods contemplated, and most 
o£ all^the cost. 

Treatment of the Goods whert Printed. 

* 

After printing, the goods are passed through a whole series 
of operations, comprising hanging in the oxidation chamber, 
putting through the Mather- Platt, steaming, the tartar emetic 
bath, the chalk bath, chroming, washing and soaping, malting, 
dung and malt baths, bran bath, chemicking (cMoringi, ‘ffml 
dressing. , 

Leaving out of the question the last process of all, which 
will be dealt with separately later on, the object o^ the series of 
after-treatments is threefold : (l) fixing the colour ; (2) purify- 
ing and enlivening the colours; (3) cleansing any white that 
may be present. 

In most’ cases the goods are not fixed at all in the printing 
process, and could be completely washed off the fabric ; con- 
sequently, the most important operation of these complementary 
processes is that o? steaming, which effects ths fixation of the 
colour, and, in the case of mordant dyes, develops and fixes the 
colour lake. The vat dyeg and developing dyes alone do not 
require steaming. The oxidation chargbei* and Mather-Platt 
treatments are ^preparatory to the steaming process, whilst the 
tartar emetic and chalk baths, and chroming, serve to complete 
the fixation of the colour in some cases. All the other opera- 
tions are performed with the object, of removing the thickening 
# materials — since these dull the colours — to cleanse and brighter 
the colour, and also thoroughly clean the white from any stains 
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arising from the imperfect action <>f the scraper in the “printing 
press. * 

1 The passage through the oxidation chamber and the Mather- 
« Platt are chiefly designed for the elimination of the excess of 
volatile acids contained in the printing colour. If strongly acid 
printing cofours were immediately exposed to stealing, the 
liberated acid vapours might injure the colour as well <ts the 
goods. Hence it is necessary to pass goods that have, for ex- 
ample, l)een printed with sulphocyanides (alizarine red with 
aluminium sulphocyanide) two or three tirpes through the 
Mather-Platt, or leave them two days in the warm oxidation 
chamber before steaming. At the same time these two opera- 
tions also assist in the gradual formation of the colour lake, a 
consideration not devoid of importance. The goods are hung 
on rods in the oxidation chamber for about forty-eight hours 
(the hygrometer registering about 32° to 36°) duripg which time 
they are turned once, so that the parts at the top take tip a 
position at the bottom, and vice versa . Frequently, however, 
Idle oxidatiefti chamber is used merely for drying damp goods. 

Nowadays many calico printers have abandoned the oxida- 
tion chamber entirely, in fcivour of the Mather-Platt, which 
serves the same purpose, especially when only a short steaming 
is required. The goods are usually fed through the, machine at 
such a sjpeed that every portion is exposed therein ior a minute. 

Steaming. — The piece to be steamed is backed with a layer 
of raw cotton, the object of which is to prevent stains arising 
from drops of condensed water, and is wound upon a collapsible 
frame, from which it is then removed — by holding the frame — 
and hung on a rod mounted on a carriage and caused to rotate 
by means of an attached cog-wheel. A whole series of pieces 
are hung in this way on the said Carriage, which is then run 
along a tivick amFintrtxluced into the steaming chamber (Fig. 

41) - . , . ‘ 

This chamber may be cylindrical or quadrangular, and is 

fitted at the bottom with steam admission pipes — perforated 
with orifices directed downwards — and a pipe for drawing ofr » 
the water, a horizontal partition being provided near thd top of 
the chamber in order to prevent the dripping of condensed 
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moisturfe. The apparatus uAst be warmed up before the^goods 



• steam might cause the colours to* run. With this object the 
waste^>ipe is opened to run off the condensed water, after whicfl 
steam is turned on, and, as soon as all the watet is drawn off, 
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the f pi|)o is shut and the pressure^of steam is raised to about 
half an atmosphere. At 'the end of about ten minutes the steam 
and water are allowed to escape, the door is opened, arid the 
t goo*ls entered, whcwreupon the door Ufshut and steam turned 
on', without pressure for the first few minutes, after which the 
effluents are closed and steaming fcontinued for a hfclf to two 
and a half hours, either without pressure or under a pressure of 
about half an atmosphere, the water of condensation being run 
off from* time to time. Finally, steam is shut off, the doors 
opened, the carriage drawn out, and another carriage, loaded 
with goods, introduced in its place, the steaming beings thqp 
resumed as before. The steamed goods are unwound, separated 
from the cotton backing, and passed on for further treatment. 

The difration of the steaming process and the pressure em- 
ployed therein depend on the dye. Albumin dyes are steamed 
for a half to three-quarters of an hour ; tannin dyes for an hour 
to an hour and a half ; mordant dyes for one and a half to«two 
hours. When several different colours are printed on the same 
^)iece,*the deration of steaming is regulated by the colour that 
needs to be steamed longest. 

Latterly the above method of steaming has been superseded 
in many establishments by a continuous process, the goods 
being passed over a series of guide rollers in a chamber filled 
with steflm. 

•• 

The tartar emetic bath is applied only to printings made 
with tannin dyes, the object being to fix them in a thorough 
manner by the formation of antimony tannate. The operation 
is performed in roller becks, through which the goods are passed 
at such a rate that each part only remains in the vessel one 
minute. The first "bath contains about 3 parts by weight of 
tartar emetic and 13 to 15 parts of (rimlk per 1000 of water, the 
proportions varying according to the size of the pattern, and, 
in some cases, amounting to 20 parts and more <Jf tartar emetic. 
The second ba'th contains parts of tartar emetic and the same 
quantity of chalk. The bath temperature is about 70° C. The 
object of the chalk is to tieutralise the potassium bitartrato • 
produced in the bath, the use of other, soluble, alkalis being 
inadvisable oAdng to the risk of injuring the colour. • 
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In order to prevent the ^killing of delicate colours h\ the 
more or less highly coloured bath licfuor, the serial orifer in 
whiclt the pieces are entered is determined byythe sensitivity 
of the colours ; those foind by experience 4o be most liable to t 
contamination by the bath being put through last. 

For thcsame reason the*goods are entered face downwards. 
After the passage of a certain number of pieces, the bath is re- 
cuperated by adding more tartar emetic and chalk. Old and 
foul baths are either rim off or else boiled up along wit'll chalk, 
left to settle, and the clear liquid used over ajytin. 

# The^ chalk bath is used for goods printed with mordanted 
colours, and serves to neutralise the residual acid and thus com- 
plete the fixation of the colour lake. Ji\£t as in the tartar 
emetic bath, the goods are passed through two roliVr becks, 
charged with 1 per cent, of chalk, at a temperature of about 
80° to 90 J 0., and then through a similar vessel containing clean 
water. The time of immersion in the bath is about one minute, 
and the bath is replenished after each piece, floods that con- 
tain tannin dyes in addition to mordant dyes do no* require to. 
be put through the chalk bath, the excess of chalk always 
present in the tartar emetic bath being sufficient for the pur- 
pose. • 

Chroming is applied to secure better lixation of some colours 
by oxidation and the formation of a lake. The treatment is ap- 
plied either cold or hot, and the method of performance varies 
in different establishments. One point to he borne in mind is 
that some dyes ( e.<j . alizarine red) may sustain alteration by the 
partial formation o!> a chrome lake, and in such case a cold or 
lukewarm chroming is best. The goods are passed through 
two roller becks, charged with a 4 per cent* solution of potas- 
sium monochromate, though in some instances the first hath 
alone consists of chromate, the second behig merely water, 
which is frequently renewed. • Between the two vats the goods 
are subjected to moderate pressure by a pair ’of squeezing 
rollers. Some articles are treated with chromate in just the 
, slime way as in steam chemicking* (see later). In chroming 
goods containing alkaline dyes, the bath receives an addition of 
a little sal-ammoniac (1 to 2 parts per mil.), thd influence of 
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the* alkali on the other colours present being diminished by the 
formation of ammonia of ammonium carbonate. 

The chief purpose of washing is to remove the thiclfening 
f materials present in the printing colour, and the work is per- 
formed in machines of different construction, according to the 
resisting pcrwer of the colour. Th6 round washer, -similar to 
that illustrated in Fig. 17, except that the upper roller Js here 
replaced by a folding polygonal reel, rs generally used ; or the 
aforesaid vat can be employed, in which case the effect is in- 
creased by a beating roller mounted on one side. Goods that 
are very susceptible to the influence of washing are either lgft 
unwashed or washed without rubbing. For this purpose, full- 
width washing machines have been constructed in which the 
goods a re* passed through a series of roller becks fitted in places 
with a number of beaters ; or the goods are made to circulate 
under water, without rubbing or coming up to the surface. 
To prevent the goods being dirtied by loosened particles ofcdye, 
it Jaas latterly been proposed to add certain metallic oxides (zinc 
•oxide* antii*.ony oxide) to the washing water. 

Soaping is chiefly resorted to in ordei* to cleanse the white 
portions of the goods and to revivify the colours, an addition of 
a little sodiuln stannate being often given to the soap bath for 
this latter purpose, especially in the case of alizarine red. 

.MarsVilles soap is used, and should not contain any free alkali. 
It is inadvisable to introduce the soap in a solid state into the 
bath, owing to the risk of spotting the goods by the adherence 
of soapy particles. A solution of soap is therefore prepared be- 
forehand, and a definite quantity is run into the bath fqr Vise, 
the amount depending on the number of pieces and nature of 
the dyo to be treated, the usual strength being 3 to 5 parts of 
soap per mil. of bath liquor. « 

Mostly* the goods ate soaped in. band form for about half an 
hour to an hour at a temperature of 60° to 70° O'. Soaping con- 
siderably increases the brightness of alizarine red and alizarine 
rose, and in this case the goods are boiled in the soap bath for one 
to two hours ; in fact, occasionally, when heavy patterns of alizt-, 
rine red are in question, they are soaped twice over, or onck under 
pressure in k copper retort. Tannin colours, not being so 
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resistent* are oftentimes soaped only a quarter to half an hour 
at medium temperature. Should the goods have a considerable 
surface of white, it is advisable to soap in a full-width mkchine. 

The thickening materials may be eliminated from Jhe ( 
printed goods in an innocuous manner by treating them with 
a decoction of malt, this being especially suitable for starch 
thickenings on account of the solvent action of malt thereon. 
Malt may also be replaced by diastafor, a product manufactured 
by the Diamalt-gesellscjiaft, Munich. 

A still better plan is to use a hath of cow-dyng and malt, the 
latter removing t'he thickening, whilst the decoction of cow- 
dung cleanses the white with less harm to the colour than by 
soaping. This method is applied to multi-coloured upholstery 
goods after a slight soaping, as many as live dunging baths 
being used. They are charged with 5 parts of cow-dung and 
6 parts of malt (both boiled in water) per mil., and used at a 
temperature of 35° C. After the first two baths the goods are 
washed. 

Some articles — logwood black in particular- a*e cleansed., 
with bran, by treating them in a hot decoction of this substance 
once or twice over. The solution Js prepared by boiling the 
bagged bran in water, at the rate of 1 1 to 12 paits per mil. 

Chemicking, or chloring, serves to bleach the white portions 
of the fabric* that have been left somewhat muddy looking Ijy 
the washing *Hnd soaping processes. It is a very important, 
and in some cases indispensable, operation, since a perfect 
white is one of the best qualities of printed goods. There are 
two*methods of application — steaming and the dry process. In 
the former case the goods ar e passed through a trough contain- 
ing bleaching pow r der solution, squeezed between rollers, and 
led into a small w'ooden steaming chest, fitted with guide rollers 
and a false bottom, under which is a steam-pipe. On issuing from 
this chest, the ^oods are washed by a flush mg jet and also by 
passing through a roller beck filled with water. 

In the other method the goods are passed, printed side down- 
ward, through a* pair of rollers, the under one of w'hich is 
covered# with flannel, and revolves in a solution of bleaching- 
powder. They are then led over drying cylinders. * 
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Thu best strength of bleaching powder solution * and the 
method of application depend entirely on the resisting power 
of the 3yes. Usually the density of the solution is onlys* few 
( tenihs of a degree and it is frequently preferable in the case 
of* very sensitive colours to apply a weak solution twice over 
than to use *11 stronger one once. 

Frequently the chemicking is combined with blueing, a 
suffusion of ultramarine being added to the bleach solution, in 
which dvent the trough is litted with ,a horizontal stirrer in 
order to prevent Jhe ultramarine from settling to the bottom. 

No generally applicable rules can be laid down fon thtfso 
various operations, and experience alone must decide which of 
them is suited to ttie needs of any particular case, and how 
they shall be carried out, in order to produce a beautiful white 
on the printed goods without injury to the colour. Mordant 
dyes are treated in the oxidisation chamber — the Mather-Platt — 
steamed, chalked, washed, soaped, and, if necessary, chemitiked. 
Toor\in dyes are put through the Mather-Platt, then steamed, 
entered in a' tartar ^emetic bath, washed and soaped with care, 
and finally chemicked (usually by the dry method). Albumin 
colours are washed with thb greatest possible care after steam- 
ing; acid dyes, on the other hand, must not be washed at all. 
For the most part, these printed goods are prepared by the aid 
ot several very different dyes, and in such event jhe treatment 
is governed by tho most sensitive of these. 

Even one and the same article cannot always be treated in 
oxactly the same manner, consequently the progress of each of 
the prescribed, cleansing operations must \Se watched inr every 
case, and an attempt made to correct any defects by employing 
some operation not usually practised, or by repeating one or 
other of the operations already performed. 

Some colours that have suffered during the after-treatment 
win oftentimes be revivified by treatment with Turkey-red oil. 

2. Combined Printing and Dyeing. 

. A second method of producing printed fabrics consists in first 
printing with, one or more mordants and then dyeing with 
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mord&At dyes after fixing. Strictly speaking, the articles pro- 
duced by discharged $tyle or reserve style printing alio belong 
to tft is category, inasmuch as they too resuU from a combination 
of printiug and dyeing J nevertheless, the method of working it 
so different that a separate description is necessary. 

The principal consideration in the production of combined 
effects being the retention of purity in the white portions of the 
fabric, the operation of oiling previous to dyeing must bp omitted, 
because the oil has a lixing action on many of the dyes. 

The suitably thickened mordants must hi coloured in order 
to render.the printed impression visible, for which purpose they 
are mixed with a dye that will easily wash out aftbrwards, <v/. a 
ponceau. The mixture generally contain^ an excesp of acetic 
acid. After printing, the mordants are fixed, in the* manner 
described in the section on mordants, and then dyed (see Dye- 
ing with Mordant Dyes) along with an addition of size (4 oz. of 
gelfctine per piece of about sixty yards), which prevents the 
staining of the white. The quantity of dye used depegdw»on 
the area of the pattern. Red, Bordeaux, violet,* brown, an3 
black are chiefly produced in this way. The mordant used for 
red consists of aluminium acetate* mixed with a little tin salt, 
yellow-tinge alizarine and size being employed for dyeing out. 
The stuff then washed, oiled, steamed, soaped witlj an ad- 
dition of sodium stannate, washed, soaped again, washed, and 
dried in the oxidation chamber. In this case the white must 
be cleansed by washing and soaping only, since these articles 
are not chemickgd. 

Small patterns in alizarine red are also sometimes produced 
in the same way, notwithstanding the difficulty of cleansing the 
white. This is done because alizarine red* always comes out 
faster and brighter when d£ed*than when printed. 

The other colours are generally produced in the* following 
manner : Bordeaux, with aluminium acetate as # mordant, and 
alizarine (bluish tinge), rubine and size as the dye ; brown, with 
aluminium pyrolignite and iron pyrolignite as mordants, 
• fallowed by dyeing with alizarine and quercitron, under addij 
tion of^umach, chalk, and size ; violet, with iron pyrolignite as 
mordant, <lyed. with alizarine (bluish) and methyl violet, plus 

24 
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size ; black, with iron pyrolignite, aluminium pyroligniwe and 
zinc nitrate as mordants, dyed with logwood, quercitron, sumach, 
and size. 

" In/ all these cases, except red, the goods must be chemicked, 
generally by a double dry chemicking, in order to properly 
cleanse the white. Black (mourning) goods are mostly treated 
with bran twice over. Of late years this method has largely 
gone out of use ; but certain articles are now produced by dye- 
ing over a printing of chrome mordant. 1 

<y - 

3. Discharge Style Printing. . * 

White or coloured effects maybe produced by discharging ; 
in the former case, the task is merely the destruction or solu- 
tion of the mordant, fixing agent, or the dye itself ; in the other, 
the following alternative is open: (1) The discharge is 
printed along with a dye, towards which it is inert, and whicfi is 
afterwards fixed on the fabric ; (2) a mordant is printed along 
with* the disoharge, and the colour is produced by a subsequent 
dyeing. « 

Colourless discharges must be tinted before use. Some dis- 
charges contifrin such a large proportion of salts that they must 
be printed warm in order to prevent crystallisation. 

The various methods of discharging may be arranged in three 
classes : H 

1. Discharging the mordant. 

2. Discharging the tannin-antimony fixing agent. 

3. Discharging the dye-stuff. r 

o 

1 . ' Discharging the Mordant. 

The unoiled fabric is padded witn a solution of alumina or 
iron mordant and then dried in the cold, to prevent the dis- 
charging being impeded by a premature lixing of the mordant. 

The discharge is then printed, the goods being afterwards 
passed once or twice through the Mather Platt — after a small 
sample has been dyed out in order to see how the discharge 0 
acts — dunged, washed, and dyed. In this process great care is 
necessary to guard against setting-off on the part of the dis- 
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charge* and for this reason tho goqds must not l>e lUid one 
upon another until thoroughly dry. 

llie discharge reagents consist of organijf acfds ; and as oxalic 
and tartaric acid salts are sparingly soluble, ammonium citrate 
is generally used. The presence, however, of lar^e amounts of 
free citric acid causes tho discharge to run. In discharging 
alumina-iron mordants or weak iron mordants, an addition of 
sodium bisulphate is made to the discharge ; concentrated iron 
mordants are discharged with citric acid and tin salt. Latterly, 
however, tho practice of discharging alumina # and iron mordants 
tias been* abandoned owing to the unreliable character of tho 
operation. 

The modern chrome discharge style introduced jn a some- 
what different manner. The gootls are padded with chromium 
bisulphite, dried, printed with a discharge consisting of sodium 
chlorate and potassium bromate, steamed lor over an hour, 
chalked, and dyed. 

Coloured discharges can be produced on alumina merrWhtg 
by means of tannin dyes in various ways. For example, tho 
unoiled stuff is lirst mordanted and fixed, and then printed over 
with a thickened mixture of a tflunin dye, with tannin and 
ammonium citrate. It is then steamed, entered in a tartar 
emetic bath, washed, and dyed with alizarine (for r<j3) in as- 
sociation wi^h Turkey-red oil and size. Only a few basic dyeB 
are, however, suitable for this purpose, e.*j. thioflavine T, Nile 
blue, and brilliant green. 

2. ])iscJuinjintj Antimony Tannatc. 

The fabric is tannined, fixed with tartaj- emetic, and then 
printed with strong caustic soda thickened with roasted starch 
(containing 50 per cent, of 4§° 13. sodaj anjl qualified with a 
little turpentine to prevent frothing. It iij next dried, passed 
twice through the Mather-Platt — which should be»charged with 
dry steam — washed several times, and then dyed with a basic 
d^e, the white being afterwards cleansed by washing, slight 
•soaping, and chemicking. • 

The # method is modified by the Miihlheim Farbwerke as 
follows: The fabric is tannined and fixed at 65° C. in a tartar 



3.72 TKE CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 

# • 9 

emetic *bath containing chalk and' common salt. It is then 
f printed with a mixture of lye, bisulphite and grape sugar, 
steamed, and fimllly ^treated in a bath of size and sal-ammoniac 

4t 3S J C. 

The tannin discharge style is now ^largely superseded by the 
fast t>xazines and sulphur dyes, which are easily discharged by 
oxidising agents; and its use is really confined to dark *navy 
blue, produced with new methylene blue and fast blue. 

3. Disc liar jimj the Finished Dye. • 

Discharging Vat Blue. — Indigo discharge stylo 4s a very 
important branch of calico-printing, and enables liner details 
to be produced than ^s possible by reserve printing. 

Three different discharges may be used for vat blue : 
(1) chromate discharge ; (2) chlorate discharge ; (3) alkaline 
discharge. 

The chromate discharge is the most important, and the one 
mo/ iii use for colour discharge styles. For the production of 
a white discharge the fabric is printed with a solution of potas- 
sium bichromate thickened with starch -the quantity of bi- 
chromate depending on the depth of the blue to be discharged 
-dried, passed through the discharge bath, and well washed. 
The discharge bath, an aqueous solution of sulphuric and 
oxalic acids, is contained in a small vat through which the 
fabric is passed quickly by means of guide rollers. The 
working conditions are capable of considerable variation, the 
fabric being passed, for example, through a bath at a tempera- 
ture of 45° to 50° C., containing 4 per cent, of oxalic acii and 
5 per cent, of sulphuric acid, at such a rate that the time of 
exposure is a half to one minute. After leaving this bath, the 
fabrio is washed under a jet and by passing through a roller 
beck tilled with water. 

Without oxalic acid a good discharge cannot be obtained in 
practice. This acid, as the author has discovered, acts essenti- 
ally as a catalyst, since the rapidity with which discharging 
^proceeds is in direct relation to the amount of oxalic acid usecl.« 
To economise the acid attempts have been made to vise it in 
the discharge colour instead of in the bath, by, adding calcium 
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oxalate^ to the oolour and Rising sulphuric acid alone in* the 
bath. Good results, however, are ouly obtained in the’case of 
lighi shades, an unavoidable defect of the method bfing that, < 
with dark shades, the fabric is corroded aU*the discharged j»artj 
of the design. # 

In discharging pale blue, or with coloured discharges, this 
defect disappears, the discharges used being weaker. The 
colours chiefly employed are chrome yellow and orange 1 chrome 
(in paste form), vermilion, chrome green, and various ochres. 
They are thickened with albumin for printing, this substance 
Jhen coagulating in the discharge bath and exerting a fixing 
action on* the dyes. In this case neutial potassium chromate 
must be used as the discharge, since the acid salt coagulates 
the albumin. Vermilion is the least suitable of all dthe above- 
named pigments because of its high price* and the readiness 
with which it rubs otV, this tendency varying inversely in pro- 
portion to the amount of chromate used for discharging. It is 
now frequently used in admixture with insoluble red a/.o dyes. 

For pale blue discharge a discharging solution usccMtiTt |s 
too weak to entirely decolorise the indigo, .but as the resulting 
colour is too dull to be of any practical value, a little Berlin - 
blue is added to the discharging agent, or the goads are passed 
through pure blue. Finally, the colour may he enlivened by 
the application of a blue dye such as pure blue, inethyVne blue, 
etc., in the*dressmg. 

Of late years other oxidising agents, such as sodium chlorate 
and potassium ferricyanide, have come into use. The oldest of 
these is aluminum chlorate, which was originally employed for 
producing discharge red with alizarine, but is tiow also used for 
white, in small patterns, in steam printing. Vat blue can be 
discharged white by the yrugsiate method, in which the fabric 0 
is printed with a mixture of sodiun\ chlprat* (bromaje for dark 
shades), potassium ferricyanide (red prpssiate), and sodium 
stannate, the reaction (the exact nature of which has not been 
ascertained) being effected by steaming. Persulphate, too, is 
♦used for white^lischarges ; and botfi these agents are superior 
to th£ chromate method inasmuch as they do not corrode tie 
fabric nearly so much. 
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Potassium ferricyanide forms arn admirable disch%rge for 
indigo* in presence of a strong alkali ; the method is, however, 
confined to the production of a bright rosfe-red with rhodamine, 
in which case all tht; other colours that,may be present are also 
f pro<iuced as alkaline discharge colours. The colours are printed 
in association with potassium ferricyanide, then dried, and 
pasSed through a strong solution of caustic soda. 

Whilst vat blue can he discharged with reducing agents, such 
as tin salt or the new hydrosulphite preparations, the method 
offers no advantage over others. f 

For producing red discharge effects on vat blue — the popular 
red and blue style — alizarine is the chief dye-stuff used. The 
vatted blue fabric is printed with a discharge of aluminium 
chlorate, sodium broinate, copper sulphide, and a little potassium 
iodide, and then steamed and dyed out with alizarine. Para 
red is obtained as a discharge red on vat blue by printing the 
naphtholised vatted fabric with the discharge colour, any Qxi- 
dising discharge that does not attack the para red being suitable. 

Thj* discharge of indigo blue with direct dyes has been 
proposed by the i'Vbenfabrikcn Fr. Bayer & Co. The vatted 
fabric is printed with a suitable dye (chrysophenine, brilliant 
geranine, etc-), mixed with potassium ferricyanide and mag- 
nesium carbonate (as the alkali), and then gently steamed for a 
quarter il an hour. 

Thioindigo red can be reduced more satisfactorily discharged 
with reducing agents than with oxidisers. The best method, 
according to Luck, is to print with hydrosulphite and lye, steam 
5 to 10 minutes at 108° C., and pass the fabric in succession 
through acid, boiling water, and lye, followed by washing and 
drying. , 

Nowadays, the sulphur dyes £.rt\ also used for discharge 
printing, ijnd can . be , satisfactorily discharged by oxidising 
agents, c.g. a mixture of sodium chlorate, aluminium chlorate, 
and ferricyanide. The fabric is, however, corroded, and the 
results lack uniformity. The important factor is proper steam- 
ing. This method is of particular importance for blacks (as * 
substitute for aniline black). ' ». 

Turkey- Re^ Discharge Style.— There are two methods for 
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the di|charge of Turkey-r^J — the “ cure decolorant e *' (d.ttolor- 
ising vat), introduced by 1). Koecljlin, and the cautAic soda 
disfharge. • 

In the first-named tyid older method, discharge is enectea 
by hypochlorous acid, the dyed goods being printed with a 
solution of tartaric acid thickened with dextrin, thtui dried and 
passed through a roller beck containing a solution of bleaching 
powder and quicklime. The lime renders the solution alkaline 
and thus nullifies t£ie action of the bleaching powder on the. ' 
unprinted pgrtions of the goods. The decolorising bath must 
• be tested in advance in order to ascertain whether it has been 
set in a proper manner for securing the end in view. It should 
not be too alkaline, or the Berlin-blue here used for the blue 
discharge will be attacked. On issuing from the bath the goods 
must be squeezed and at once immersed in water. 

For yellow, use is made of a mixture of tartaric acid, citric 
acid, lead acetate, and a little nitric acid, with which the goods 
are printed ; they are dyed out with lukewarm potassium bi- 
chromate after passing through the bleaching, powd€f*1>ath. # 
The lime of the bleaching bath precipitates lead hydroxide on • 
the printed impression, which o^ide is converted into chrome 
yellow in the potassium bichromate treatment.* To complete 
the process, the goods are finally entered in dilute hydrochloric 
acid and then washed. •* • 

For blue* the fabric is printed with a mixture of tartaric acid, 
oxalic acid, potassium ferrocyanide, and ferrous sulphate. The 
oxidising action of the bleach bath not only discharges the 
Turkey-red, but also develops the Berlin-blue. 

Green is produced by mixing the discharged for red and blue, 
and then treating in the same way as for yellow. 

At the present time tlie slecolorising method is practically 
abandoned, the work being of a teo delicftte character. Diffi- 
culties arise connection wtth the proper setting of the bleach 
bath and with the printing of the colours, whfch are strongly 
acid and loaded with pipeclay. The printing is performed on 
•the £errotine^)resB. • 

Intthe method now preferred, the colour lake is dissolved A>y 
printing.it over with a highly concentrated section of caustic 
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soda,* followed by steaming. In .this case, as the ordinary 
Turkey-red, produced by alizarine, is too difficult to discharge, 

• the good# are mQrdanted with sodium aluminate and dyed with 

flavopur purine anthfopurpurine. For # yellow, the fabric is 
printed with sodium plurabate, and dyed with ]X)tassium 
chromate. BJack is produced with alkaline black ; blue, with 
indigo by the Schlieper and Baum method — printing on the 
goods prepared with grape sugar. The after-treatment is as 
follows : The goods are exposed to damp pteam for one to two 
minutes, then hung for a day in the warm, washed, entered in 
6° B. sulphuric acid, washed, dyed with 45° B. potassium* 
monochromate, washed, soaped at 45° (’., entered in 2° B. 
sulphuric acid, washed, passed through a bath of boiling 
bichromate*, and washed again. Blue discharge effects on 
Turkoy-red can be obtained in a simpler manner with indan- 
threno and hydrosulphite. M 

The chrome discharge style has latterly attained considerable 
practical importance, but is only applicable to soluble dye-stuffs. 

' TJu^duds an* padded, for example, with alizarine blue S and a 

f chrome mordant, dried, printed with the discharge, and steamed. 
The discharge used consists qf potassium ferrocyanide and an 
alkali, or of a prussiate discharge. 

For the illumination of the article, and also for parti-coloured 
discharged, the direct dyes have been recommended * but only 
a few of them (c.<j. chloramine yellow) are able tb* withstand 
the discharge reagents employed. 

The discharge of finished tannhi dyeings never attained any 
great importance. In order to produce this article, if desmell, 
tannin-antimonatb lake is discharged before dyeing. The 
finished dyeings can be discharged by printing with strong 

* caustic soda and glucose, or with a-piyissiate discharge. Pyro- 
nine, etc., o;ui he discharged really well. 

Discharging Manganese Bistve. — The goods are printed 
with a discharge consisting of tin salt and citric acid, and then 
hung cold until the discharge is complete, after which they are 
passed through a cold chalk bath and washed. " For coloured* 
discharges use is made of basic dyes — malachite greea and 
methylene blue/ -as well as mineral pigments and colour lakes. 
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The discharging of Ice Colours in the finished state presents 
— owing to their insolubility — considerable difficulties which 
havt^only'been completely overcome within recent years. The 
discovery of such a method was highly desirable because, in«con» 
trast to the easier reserve process, it oilers the advantage of en- 
abling the fabrics intended'for discharging to be dyed for stpck. 

Thg first pure white discharges on para red were obtained by 
II. Schmid of the Ilochst Farbwerke with “ Azorongeant," a 
mixture of tin salt, Ammonium citrate and aoetifte ; and by 
Kalle k Co. with a (somewhat unstable) mixture of aluminium 
powder tyid potassium sulphite. Alkaline, discharges, with 
stannous oxide, or with glucose and alkali, also give fair results. 
The first entirely satislactory solution of tty , 1 problem, however, 
was provided by the stable hydrosulphite preparations, such 
as hydrosulphite NF, though at first only for para red. With 
the exception of the mark z (zinc hydrosulphite), the hydro- 
sulphites were not altogether satisfactory for white discharges 
on the more highly resistant a-naphthylamine Bordeaux ; *yid 
the insolubility of this mark z gave rise to printing difficulties? 
Better results wore obtained with the alkaline iron discharges 
(hydrosulphite and an alkaline irgn solution) and the nitrate 
discharges (formaldehyde-sodium sulphoxalate, 'iron citrate, 
sodium nitrite and glycerine) of Baumann k Thesmaf ; until, 
finally, it was discovered that the hydrosulphites an* 'capable 
of effectually*discharging even naphthylaniinc Bordeaux when 
used along with a small amount of certain substances, especially 
dye-stuffs. These preparations give excellent discharges when 
the* pointed fabrics are* treated with superheated steam. For 
coloured discharges on ice colours, the basic dye-stuffs, oxazines, 
sulphur dyes and indanthrone are used. • 

Nitroso blue can be discharged by printing on the padded 
colour with tin acetate, or potassium sulphite, *or withe mixture 
of potassium-sddium sulphite 1 and sodium, citrate, and then 
steaming. 

Discharging Direct Dyes.' — For this purpose stannous salts 
# odcupy # first plaSe. They are printed on the fabric, which is 
then put once or twice through the Mather- Platt. Tin salt b/ 
itself corrodes the fabric, and tin acetate gives im^rfect results, 
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for which reason a mixture of theAwo is used. Bette* results 
are obtained with tin rhodanate (Elb.) or tin ferrocyanide 
(Cassella), prepared in the printing colour itself by the reaction 
«of tjn salt and ammonium sulphocyanide (or ammonium ferro- 
cyaiiide). 

'Jhese tin* discharges give a defective white, which turns 
yellow. At present hydrosulphite alone (which is free from 
this drawback) is used for white discharges on direct dyes, 
whilst th # e tin salts are better for coloure4 discharges. 

The mixture o^ zinc dust and bisulphite, formerly used for 
white discharges, was very unpractical and has been aban<ioned. 

For coloured discharges, use is made of basic dye-stuffs which 
are printed in association with tannin and the discharge pre- 
paration/ After the printing, the goods are steamed for one hour 
under a pressure of half an atmosphere, then passed through 
cold 2° to 3° B. sulphuric acid, and finally well washed. 

For coloured discharges, tin salt (stannous chloride) cannot 
be used alone, owing to its corrosive action on the fibre ; and if 
•neutralised «with sodium acetate, does not discharge properly. 
For this reason a mixture of tin salt, tin acetate, and sodium 
acetate is employed, or the # first two, along with a little citric 
acid and actftic acid. The dyes used for this style are basic 
dyes, aqd are printed on the goods in association with tannin 
and thfcf discharge. After printing, the fabric is passed once 
or twice through the Mather- Platt, steamed with dry steam 
for a half to three-quarters of an hour, entered in a tartar 
emetic bath, and washed. Most of the basic dyes, however, are 
partially decomposed into their leuco- compounds by the ‘dis- 
charge reagent* during the steaming process, and, in order to 
remedy this, it is then necessary to pass the goods through a 
lukewarm solution of potassium chromate and dry on a hot 
drum. • ' * . 

For colour discharges with direct dyes it hae been proposed 
to use certaift mordant dyes, such as buckthorn berries, gallo- 
cyanine, cceruleine, etc., the dye being printed along with tin 
acetate and a chrome mordant. * ^ « 

• The following direct- dyes are very suitable for discharging : 
Diamine yel^w, benzazurine, heliotrope, Congo-red, # etc. 
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*4. Reserve Style Printing. 

This term is applied to the process whereby various sub- § 
stances, printed on the fabric, are employed to prevent either 
the absorption or development of the colours subsequently 
applied by padding or dyejng. Hence there is no t difference in 
principle between discharging and some reserves which* are 
known as discharge reserves. 

The chief reserve style articles are those with vat blue, tannin 
dyes, alizarine rose, alizarine violet, ice colours, and aniline 
black. # * 

Reserve printing under vat blue is perhaps the oldest division 
of this industry ; at present it is mostly produced in the hand- 
press. * § 

Use is made of a mixture of several substances, the reserving 
action of which is partly mechanical and partly chemical. The 
chief mechanical reserves are pipeclay and fatty bodies, which 
prevent the vat liquor from penetrating the underlying cloth. 
The chemical reserves consist of copper salts for the niort 
these also preventing the fixation of the iqdigo on the printed 
places, inasmuch as the indigo blue is oxidised to indigo white 
if it penetrates into the reserve coating, and is therefore pre- 
cipitated in merely a loosely adherent manner on the reserve. 

After thu reserve has been printed, the fabric is wpll dripd, 
and is then d#ed by short immersions in strong vat liquors, and 
finally soured and washed without friction. The continuous 
dyeing process cannot be used, since the friction of the guide 
rollers would dipJodge the reserve. The foregoing method is 
applied to the production of white reserve patterns. For yellow, 
the reserve also contains lead acetate, and in # thiscase the goods, 
after dyeing and souring, are passed through lime-water to 
neutralise the acid and treated in a wiym bath of ^potassium 
bichromate at ^he rate of 11 <y. per piece Qf about sixty yards, 
whereby yellow lead chromate is formed on the printed parts. 
The same method is followed for green, except that the reserve 
is # printed on a ^slightly blued groupd instead of on white, so 
•that th3 resulting chrome yellow combines with the underlying 
blue to form green. 
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For thioindigo red, in contrast t© # indigo, oxidation discharges 
arc unsuitable. The fabfic is printed with reserve solutions of 
mineral salts, H\en padded with the alkaline thioindigcJ red 
colour, and finally steamed. Reserve salts for this purpose are 
put on the market by Kalle Sc Co. 

I*i reserving indanthrene dye-stuffs, use may be« made of 
protective pulp, as in indigo printing, or else chemical reserves 
are employed, such as mixtures of hydrosulphite and metallic 
salts, or sodium chlorate and tartaric acid. 

Sulphur dyes •can be reserved by being printed over with 
mixtures containing salts of copper, zinc and lead, ip addition 
to pipeclay. 

Reserve with Tannin Dyes. The method is performed as 
follows : f fhe unoiled stuff is first printed with a reserve con- 
taining an antimony salt, and dried ; the suitably thickened 
basic dye and tannin are next applied, well dried (otherwise the 
reserve will run), steamed under pressure for half an hour, 
cr^ered in tartar emetic, washed with hot water, and finally 
^ioapetl lukewarm. 

The reserve should contain as much antimony salt as possible ; 
and, as tartar emetic is too* sparingly soluble in pure water, it 
must be mi/ed with about its own weight of common salt be- 
fore dissolving. The more readily soluble potassium-antimony 
otfalate* *makes a good reserve when thickened with dextrin, 
without any admixture of common salt. 

Reserves under Alizarine Rose and Violet. — For the pro- 
duction of these very handsome and important articles sodium 
citrate or tartaric acid is printed as a discharge re serve .filled, 
topped with the dye, and steamed. In the subsequent washing, 
the colour lake is» thrown off from the reserved parts of the 
design on which it was unable* to* fix. 

Reserves undeV Ice Colours. — Since the introduction of the 
stable hydrosulphite preparation!, which enable^ice colours to be 
discharged in* a thoroughly satisfactory manner, the reserve pro- 
cesses, in which certain substances are printed over the naphthol- 
ised fabric beforo developing the colour in thfo diazo ^olution, ^ 
'have become of minor interest. The reserves used a»e either 
reducing sulyitances such as tin salt or potassium # sulphite, or 
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else substances (tannin, naphthol. sulphonic acids, etc.) t whieh 
combine with the subsequently appfied diazo comj)Qunds to 
form* a dye-stuff that can he easily washed ouU* 

As in the discharge fnethod, difficulty is* found in obtaining* 
good whites. Fine coloured effects are produced with basic 
dye-stuffs by the Rolffs method, in which the 'naphtholised 
fabric is printed with a mixture of dye solution and an excess of 
tannin (i.e. more than is needed to fix the dye-stuff*), the fabric 
being then steamed atid passed through the dia/.otising hath. 

For the pr&duction of the red and blue article two different 
fnetlfods are employed. According to the process of the llbchst 
Farbwerke, the goods, prepared with naphthol, are printed with 
diazotised dianisidinc and ammonium j>ers ilphate, dried, passed 
through diazotised p-nitraniline to which a little ammonium 
oxalate has been added, and finally washed and soaped in 
presench of ammonium oxalate. The diazotised nitranilinc 
cofhbines with the /J-naphthol to form red, except in those 
places occupied by the dianisidiue impression, since the ejqpsa 
of /2-naphthol there has been destroyed by the* aiidnonium pel 1 
sulphate. The addition of ammonium oxalate to the diazotised 
nitranilinc is for the purpose of preventing the browning of the 
nitraniline red by the copper in the dianisidinc printing colour. 

In the second method for producing the same article^Tschudi 
& Co.’s paj^nt, assigned to the Farhenfahriken Fr.‘ Payer & 
Co.) the procedure is reversed, the goods, prepared with 
naphthol, being printed with a mixture of diazotised p-nitra- 
niline and .aluminium sulphate, dried, and passed through 
diazotised dianisidinc f the latter is reserved by the aluminium 

V 

sulphate, and hence the development of the blue is confined to. 
the unprinted portions of the fabric. 

Reserves under Anilirfe black. — This article is one of the 
most important in modern calico-pVinting. It is produced, by 
the aid of Prudhornme’s black, by first padding the fabric with 
the solution of aniline ferrocyanide, then drying and printing 
with a reserve consisting of sodium acetate, soda, and bisulphite, 
the black being afterwards developed as in ordinary dyeing. Tin 
sulphdcyanide can also he used as reserve. The process there- 
fore restson tlje circumstance that the aniline fertocyanide black 
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does nf)t develop until steamed, and that this can be entirely 
‘ prevented hy the aid of alkaline reagenta Sodium aluminate 
or sulphocyanidete c#n also be employed as reserve. 

*’ F<*r the purpose of illumination, use ‘is made of mineral pig- 
ments and basic dyes, the direct dyes being less suitable by 
reaffcm of their inferior brightness. The mineral colours, as 
well as various fcolour lakes, are also fixed with albumin. * 
Coloured reserves are best obtained by the aid of basic dye- 
stuffs, various methods being practicable. “ One good way is to 
print with a mixture of dye-stuff solution and zinc oxide, the 
action of which is twofold : on the one hand, the ^nc oxide 
combines with the hydrochloric acid of the aniline salt and 
prevents blackening f whilst on the other, the simultaneously 
formed zinc ferrocyanide fixes the basic dye-stuff. In addition 
. to low cost, this method has the advantage that, the reserve can 
lie printed on before padding with the aniline black preparation. 
Its defect, on the other band, is that the fixation of the dye-stuff 
is ■^particularly good. 

* Latterly, tflfe Prudhomme article has been largely produced 
by means of diami nogen black, which can be discharged effec- 
tively by hydrosulphite. * 

Diphenyl black can be reserved with potassium sulphite. 

5. Topping Printing. 

In this method, goods that have already been printed and 
dried are put through the press again and topped with colour, 
either all over or in the form of a pattern. In t the former event 
the colours must-be in very pale tints, since otherwise the colour 
of the underlying pattern would undergo a too extensive alter- 
ation. 

The colours used for complete* topping are — alizarine rose, 
chiefly for^the alizarin?) ro%e article ; alizarine violet, for the 
corresponding ^violet ‘article, white reserve being usual in both 
cases; further, various direct dyes — chloramine yellow, a few 
diamine yellows, chrysamine, chloramine brown, brilliant gera- 
nine, diamine pure blue, diamine violet, etc. *For the* inosf 
part these aro applied along with the dressing, and not fh the 
press. 
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A furflicr application of the same process is when it is paired 
to dye fabric on the one side only, in Vhich ovent the^stuff is 
printed with a thickened mordant solution, lixed, and dyed. 

The object served by topping a design is either the productions 
of a mixed shade by the superposition of two dyes, or else the 
discharged the topping colour on the parts already coloured. 
In the latter case the ground colour must contain an addition 
of a reserve for the topping colour. 

Although the method enables the production of some very 
special effects’ it is cumbrous and tedious, especially when 
several colours have to be applied. The ground and topping 
colours cannot be applied at the same time, since they would 
come together in a wet state, and thus produce a mixture of an 
unanticipated character, or else run. According to Casanova, 
however, this simplified method of the topping process becomes 
possibleMf an addition of turpentine be made to the printing 
colours. 

Pile-printing is a method in which the contact between ^tbe 
fabric and printing roller is so slight that only tha raised por-* 
tions of the former receive the impression. # 

Opaline and metal-printing an also two special forms of 
calico-printing. The former consists in printing the fabric 
over with a # white substance (mostly barium tungstate^ which 
contrasts with the ground colour so as to produce a* damask 
effect. Viscose, either alone or with zinc oxide or kaolin, is 
also used. 

Metal-printing consists in applying a coating of lustrous 
bronso powder, silk-weave effects being very finely imitated. 
The colour may be fixed with albumin, ammonia-casein or 
varnish solutions. S. H. Sharp & Sons, Leeds, attained great 
success in this style of printing. 

t 9 % 

* i 

Wool -Printing. 

Although very old, it is only of late that wool-printing has 
h^en practised to any great extent ; but now large quantities of 
cloth, Qannel, wool, muslins^ and cashmeres are printed. 

The material to be printed must bo carefully cleansed. Fine 
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goods^and yarns are also first bleached, an operation Aow per- 
formed exclusively with hydrogen peroxide and bisulphite. (See 
Wool-Bleaching.) 1 

* At an early period it was observed by J. Mercer that in print- 
ing half-woollens the dye was very imperfectly taken up by the 
wool. This he attributed to the reducing action of' the wool, 
probably in consequence of the liberation of the contained 
sulphur, in the form of sulphuretted hydrogen or sulphurous 
acid, by steaming. Consequently he recommended that the 
wool should be prepared by chemicking, a method that is still 
generally practised. „ * 

Most dyes show up much fuller on chemicked wool, though 
the operation must, lie performed with great care, or the wool 
will becdme yellow and rough. In the case of combed sliver 
especially, the chemicking must be very slight, since otherwise 
the spinning and fullingi properties of the fibre will be affected. 
In this case it is better to chemick the wool insufficiently, *and 
tqadd a little sodium 1 chlorate, us oxidising agent, in preparing 
‘the printing colour from dyes that are sensitive to the action 
of reducing agents, e.y. azo dyes. Deep grounds cannot be 
obtained perfectly uniform unless the wool is chemicked, though 
for some dyes, particularly cosines (which have been largely 
superseded by rhodamines), no chemicking is necessary. This 
treatment tends to prevent shrinking. 

A second method of preparing the wool consists in precipitat- 
ing stannic acid on the fibre, a treatment that increases the 
brightness of most printing colours, and also fixes some of them 
(the eosines, for instance) better. • * 1 

As in tho production of multi-coloured articles the most diver- 
gent dye-stuffs are used, it is customary to employ both prepara- 
tions in the case of finer goods.* In such event the goods are 
damped fcnd padded s.wioe with a B. solution of sodium 
stannate, after which they are left covered up* for some time, 
and then passed through 2° B. sulphuric acid, to fix the tannic 
acid, followed by immersion in a solution containing 4 per cent, 
by volume of 3° B. sodium hypochlorite and *0*43 per^cent.^f 
'00° B. sulphuric acid (this being less likely to yellow the wool 
than bleaching powder and hydrochloric acid). The chemick- 
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ing hath must 'be kept replenished by a constant intyix of a 
more concentrated solution, since otherwise the tirs^ portions 
of the goods would be more strongly chemickml than the rest. # 
Hand and cylinder presses are used fflr printing, as in the 
case of cottons ; common and very wide goods are printed by 
hand, wool muslins and sifnilar line goods by the (Minder press. 
The^cylinders must be deeply engraved, and a very elastic 
pressure secured by the use ot‘ thick soft blanket on the hack- 
ing rollers. The printed goods should be dried very gently. 

The dyes used in wool-printing are in general the same as 
for dyeing this fibre — chiefly acid dyes ; and dextrin, British 
gum-arabic and various “soluble” gums (e.tj. gomme Labiehe) 
are used for thickening. Direct dyes a^i used with sodium 
phosphate for colours to stand washing ; basic dyes for discharge 
colours. The printing colours are almost invariably prepared 
with an*addition of an organic acid, chiefly acetic acid, though in 
some cases tartaric acid or oxalic acid is preferable. For light 
tints and dyes that equalise with difficulty, it is advisable# to 
employ slightly ammoniacal printing colours. • When thfl 
colours are required to remain slightly nfoist after drying, a 
littje glycerine (5 to 8 oz. per gallon) should he added to the 
printing colour. * 

Printing is succeeded by steaming, which fixes thy colour. 
The operation must in this instance be performed damp, since 
the majority of printing colours on wool do not develop properly 
under dry steaming ; on the other hand, excessive moisture is 
injurious, since it makes the colours run. Consequently, in 
orfler^to ensure correct? results, the steaming must be effected 
in presence of a pre-determ ined and readily controllable quantity 
of moisture, a condition fulfilled by enveibping the goods in 
cotton cloths previously inapi*gnated with a definite quantity 
of water (10 to 20 per cent, of their owif weight) by padding or 
sprinkling. This weight can Re ascertained by weighing these 
backing cloths before and after damping. Steaming is con- 
tinued for an hour to an hour and a half, according to the dye, 
afld mgstly without pressure. A eftreful washing follows, in 
order t# prevent the soiling of the white by the dye ; finally, the 
stuff is slightly dressed with gum, glycerine, or st:/ch. 

25 
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° * 

Wool-printing is therefore a far easier operation, ind one 

presenting fewer technical difficulties, than calico-printing; in 
fact, the now 80 popular discharge printing ia the only difficult 
form*. In this case the chief question ii, which of the dyes are 
suitable for discharging, and which capable of properly resisting 
the action of the discharge reagents.' 

As in discharging the direct dyes on cotton, coloured dis- 
charges q,re here effected with tin salt, and white discharges 
with zinc dust and bisulphite; the hydrosulphites such aa 
NFW and hyraldiie W being also very successful. 

Most of the azo dyes discharge well, though here^as i;i the 
direct dyes on cotton, there exist difficulties that have not yet 
been overcome. *. 

The dyes best resisting the discharging action of tin salt, and 
therefore constituting the most suitable dyes for coloured dis- 
charge style, are — the majority of the basic dyes, the eosines, 
and the acid dyes of tin? triphenylmethane series, especially 
aaoga^mine, diamine yellow FF, thioHavine, quinoline yellow, 
"View methyltne blue, fast blue, lano-glaueine. 

The discharge colours for white contain, in addition to hydro- 
sulphite, zinc white and ultramarine or other blue dye to mask 
the yellow tinge of the fibre. 

After* printing, the fabric is left rolled up for some time in 
contact with tho damp backing cloth, and then treated, without 
backing, in the Mather-Platt for some time with dry, hot steam. 
If the coloured discharge dyes reduced by the discharge do not 
reappear on exposure to the air, the goods are passed through 
a weak bichromate hath before rinsing. The beaming of the 
goods after steaming requires special care. 

The new hydrosulphite preparations have been of great ad- 
vantage in wool printing ; and 'large quantities of black, dark 
blue, rod 'and brown grounds are discharged white and green. 

Discharge effects can also bo produced on half woollen fabrics 
in just the same way. 


Silk- Printing. 

The same methods and printing colours are used for printing 
silk as in tho case of wool, except that no preparation of the 
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fabric Is necessary, and tbht dry steaming is practised After 
steaming, the goods jue for the most part only carefully washed^ 
theljolours revivified as in dyeing, and g^veif*a slight dressing. 

In this case also aft important part is played by distfhar^e 
printing with the same discharges ; in contrast, however, to wool, 
a nurah&r of effects can he produced on silk by reserve priifting 
(with fatty reserves) and dyeing. 

Printing Yarns, Warps, and Combed Sliver. 

The printing of yarns is a comparatively young industry, hut 
one .that is constantly increasing in importance on account of 
the possibility of producing a variety of patterns by weaving the 
partly coloured yarns. Formerly it was ^he practice to tie the 
yarn together and dye it at intervals of its length, and subse- 
quently the hand-press was employed for this class of printing ; 
but at present the work is done exclusively on printing frames 
of special construction. 

For printing yarns, the machines of Donath, JMiaitrg^fitf , 
are used — those employed for warps being either such as eif- 
able the work to he done in the same way fls with hand-presses 
(Morton, Kefer) or in which the yiaterial is printed on drums 
(Schmidt, Hofmann, Hallensleben). 

The printing of combed sliver is termed “ Vigoureux print- 
ing,” and °has latterly come very much to the front. The 
printed sliv*eT is used for the production of mixtures, to which 
it imparts a very uniform appearance. 

The composition and method of fixing the printing colours 
arfc, in the main,* the sasne as in cloth-printing. 

Successful attempts have also been made at imitating 
mixtures by printing piece-goods, a method which offers the 
advantage of dispensing with* the necessity for keeping stocks 
of various yarns. H. Giesler (Molsheifh) employs the follow- 
ing method : admail pattern flesign is profited in fast colours, 
the fuzzy effect being obtained either by gradual milling or 
by raising. L. Hirsch (Gera) prints a broken cross-hatched 
patter^, no afte^-treatment being required. Fancy threads are 
*imitat%l by discharging or by printing with aluminium bronze 
powder. # 

A similar method is used by F. II. Schneider (Mylau). 



CHAPTER VI. 

DRESSING AND FINISHING. 

t 

The operations of caressing and finishing comprise all the treat- 
ments employed to impart to the fabric the special, feeband 
appearance likely to render it most attractive to the purchaser. 

The number of methods employed in the finishing of fabrics 
is almost beyond count ; they may, however, be all classed 
under two heads — 

1 . By impregnating the material with various substances ; 

2. By subjecting it to a small number of mechanical opora- 
tioraVvwhich, however, are performed in very different modifica- 
tions. 

The finishing of fabrics almost entirely belongs to the domain 
of mechanical technology, its practical performance being oply 
in a very few instances (such as calico-printing) the task of the 
the chemist. Nevertheless, a certain degree of acquaintance 
with this branch of the subject is necessary to the dyer’s 
chemist, on the one hand, as supplementing his special know- 
ledge, and, on the other, to enable him to detect many defeats 
that may arise in the course of the various operations coming 
under the head of the finishing process, *which he would other- 
wise lie unable to do. 

Finishing may in part precede dyeing, in which event the 
first part of the process will be tJneHask of the dyer, whereas 
the remainder is frequently performed in special establishments 
— “ the finisher’s ”/ * 

In the cotton industry the term finishing applies exclusively 
to the"concluding stages of manufacture. 

The complete description of this entire process in all its maily ( 
ramifications ican only be given in .a work specially devoted to 
the subject; .ind the author will therefore confine hin?self in the 

(388) 
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followfig to the means .employed in this stage of the manufac- 
ture. 

The substances used in the finishing process are 

1. Such as are intended to render the flnkterial hard and stjjT. 
These comprise chiefly the various starches — wheat, potato, 
rice, and maize starch ; itlso several starch drrivntives, suqh as 
dextrin and apparatine; furthermore, gum, tragacanth, size, 
vegetable mucilage, decoctions of lichens and algte, etc. 

Of these material/ the most frequently used are wheat starch, * 
potato staroh, and dextrin. The softest dressing is furnished 
by iextrin, next in order coming potato starch. 

For dressings the strength in the case of starch rarely ex- 
ceeds 90 parts per 1000 of water, whilst up to 900 parts of 
dextrin are used. In making the paste it should Inf noted that 
prolonged boiling hydrolyses starch and produces thinner 
dressings. Maize and rice starch in particular should not be 
boiled more than a few minutes. When very stiff dressings 
are required, glue is added. ^ # 

There are various starch dressings on tins market under the 4 
names : apparatine, crystalline, globelme,t;tc., prepared by cold 
gelatin i sat ion, the starch potato starch) being mixed to a 
milk witft water and then stirred for several hohrs along with 
caustic soda lye, the excess of which is finally neutralised with 
acetic»acid. These preparations arts particularly sfntablo* for 
delicate fabrics, and produce still dressings difficult to separate 
from the material. 

The so-called “ soluble-starches " are also largely used. 
Thegp are prepared by boiling starch for a long time either 
with water only or with an addition of a salt* (c.j. magnesium 
chloride), malt or other substances, the starch being more or 
less completely hydrolysei. •Owing to the sugar present, they 
give soft dressings ; and they are also suitable for woollens. 

2. Fatty sdtostances, suclT as tallow, stearin, paraffin, waxes, 
oils, Turkey-red oil, etc., to render the stuff soft and glossy. 

The suitability of fatty substances depends on their melting- 
^)oint ¥ Monopble soap and “softening” (a palm oil soap) are 
largely used. The former is for soft dressings, and replaces 
fats (up tp 20 parts per 1000) in thin dressings especially. It 
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is also advisable for dressings high iu saline 'matters o$ those 
that only penetrate the fabiic with difficulty ; and is very useful 
W silks, half-silkp, and woollens. * * 

« “ Softening " is used for producing a scioopy etfect on cottons, 
the fabric being soaped and passed through a bath of acetic or 
lactic acid. 

3. Myroscopic and softening materials, to diminish the 

stiffness of starched goods, such as glycerine, magnesium 
chloride, zinc salts, ammonia salts, etc. .Too much of these 
adjuncts must not <be used, or the cloth will become wet and 
flaccid on exposure to damp air. f » 

4. Loading Ingredients, — China clay (a fine white clay), 
kaolin, insoluble salts, of lime and baryta, etc. Casein forms a 
useful bind. 

5. Colouring for the Dressing Preparations,— Chief of 
these is ultramarine, which is so largely used in “ blueing ” 
cottons and linens, its object being to convert the yellowish 
tinge^f the goods into a moro or less pure white. In printed 
floods the selection of the correct shade of ultramarine is a 
matter of some moffient, since here the degree of whiteness 
may vary. Borne of the ingredients used in the dressing (q.g. 
China clay) absorb ultramarine, the shade of whicfi is then 
mod i lied* accord i n gly . 

(Jltramarine is difficult to moisten with water, and should 
therefore be mixed to a paste with a little alcohol. Dressing 
preparations containing this colour should not be kept long or 
they may turn sour, to the detriment of the ultramarine, which 
is sensitive to acids. On this account the fabric should he free 
from acids (from the bleaching process, for example), since 
these decompose thfc ultramarine and leave the material yellow. 
To impart a strong blueing to any fctbric, it is better to apply 
a weak ultramarine dressing two or three times over than to 
treat once with a stronger preparation. * 

Other colouring matters employed in dressing preparations 
aro Berlin-blue, ochres, direct dyes, basic dyes, etc., either to 
impart a given shade of colour to a white or printed surface, <k 
else to prevent the colours being dimmed by a superimposed 
white dressing. 
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6. Antals ol* # their sulphides, in the state of line ^powder, 
for the purpose of producing a metallic lustre. They are pre- 
pared by heating the metallic sulphides with* fatty substance^ 
or by mixing different metal powders, tftul can he purahas^d 
ready for use. Th(‘y are applied to the fabric by dusting or 
printing. * • # 

7* Waterproofing is etTected by the application of fatty 
bodies, caoutchouc solution, salts of alumina or magnesia, etc., 
either together or separately. The most important process is 
the waterproofing with fatty acid comppunda of alumina, 
which ipust be produced on the fibre (from aluminium acetate 
and soap). 

8. Fireproofing, or at least non-inflajnmability, is secured 
by applying to the stuff a considerable quantity of vitVious salts, 
such as borax, ammonium phosphate, salts of magnesia, silicates, 
tungstates, etc. The last-named salts, sodium tungstate in 
particular, are said to give the best results. 

9. Antiseptics for the Prevention of Mould.— The majority 
of the means proposed for this purpose are no two, e.tj . tannm, 
camphor, oxalic acid, boric acid, etc. ; tin? most efficacious are 
zipc chloride, zinc sulphate, salicylic acid, and formic acid. 

Dressing. 

The dressing preparations are compounded with the assist- 
ance of the # ingredients specified above. Sometimes they con- 
tain only a single ingredient, cjj. a starch, dextrin, gum, size, 
Turkey-red^oi), etc., applied in the form of a solution or paste; 
rSo^y, however, several are employed together, c.if. wheat 
starch and potato starch, or starch and fat, or ‘hygroscopic sub- 
stances. The number of ingredients may*amount to as many 
as ten, which are mixed t$)g#ther and boiled in the same class 
of pan as that already described for»stawch fhickeniig; the pro- 
duct is passed* through a stnAncr. 

In most cases the finishing process is not completed by the 
application of the dressing preparation to the goods, a further 
■taecl^nical treatment being required to impart the desired feel 
and appearance to the stuff. 

Dressing preparations are confined almost exclusively to 
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cottons and linens, the finishing of woollen and silk good( being 
usually effected without t?hc aid of these preparations, and 
merely by mechaffcical treatment ; and even wheSe used a<> all 
oi. these latter goods these dressings are of very Bimple consti- 
tution. Solutions of gum, dextrin, or tragacanth are used for 
silko, and solutions of gum, size, vegetable mucilage, magnesium 
chloride, etc., for woollens. 

* The application of the dressing preparation is in nearly all 
cases made to the hack of the fabric, and is .performed in differ- 
ent ways, according as the quantity used is great or small. 
This method of working is particularly advantageous in the o*se 
of printed goods, since otherwise the printed colours would be 
dimmed by the dressing. 

The simplest way is to pass the goods, face upwards, be- 



v tween a pair of rollers, the under one of which is covered with 
a layer of cotton and dips into a trough containing the dressing 
preparation (Fig. 42, a ) ; the heavier the pressure applied to 
the rollers the smaller the quantity of dressing that will be left 
in the fabric, and the farther will it be forced into the material. 

i 

Another way is to arrange below the pressure rollers a tJbirA, 
whioh dips into the dressing and distributes it on to the under 
9 roller of the pair (b <in Fig. 42). For conveying still smaller 
quantities of dressing preparation ‘onoto the fabric, use is made 
of a stippled under roHer, fitted with a scraper (c in Fig. 42). 
When the dressing i^to be presseti as little as possible into the 
substance of tho fabric, the arrangement shown in Fig. 42, 
is employed, 

.To apply the dressing equally to both sides, 1 tho stuff^i tsel^ 
is passed through the preparation and is then squeezed between 
a pair of rollofp. Where it is desired to force the dressing well 
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into tA fabric-a pair of ^ueezing rollers are used the Wr 
lower one being of wood, whilst th. upper roller, of, metal, w 

run«at a higl^r speed. •* 

Where, as in the case of thin preparations containing.ulti*- 
marino, there is a likelihood of the ingredients becoming 
separated, a stirring device is provided in the trough ; the latter 
can.also be heated in case the application of hot dressings is 

Sometimes, in ttf case of woollen or silk goods, the Cess- 
ing is applied with a sponge to the hack (tf the stutl stretched 



%ir (^ilks and \Voollens). * 

! Frequently the necessity arises for straightening out the 
goods an^L stretching them out to their proper width. In such 
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event Ihe drying is effected on the stenling frame, ‘of whic| there 
are several modifications. «They may, however, ail be divided 
fnto two main types — the circular frame, consisting of a large 
dsyingi cylinder, fitted' on both sides witl^adjustable stretchers, 
and tile ordinary horizontal tentering frame, wherein the. fabric 
is conducted over steam plates and hot pipes by means*of two 
hooked endless chains. The stretching device can be adjusted 
to agree with the desired breadth of the fabric under treatment. 

[ There are also stationary tentering frames,, in which the cloth 
is held on the stretch, without motion ; these are ahiefly used 
for light cotton fabrics, muslins, tarlatans, etc., and consist of 
wooden frames, the sides of which are movable, and are pro- 
vided with clamps for holding the fabric. The latter, when 
treated with the dressing preparation, is secured in the frame, 
which is of the same length as the piece of cloth ; it is then 
stretched to tho desired extent, and left to dry in the frame. 
Similar frames are also used for woollens and silks. Some- 
times the sides of the tentering frame are provided with an 
1 alternating reciprocal movement, so that the material can be 
kept moving to and ffo whilst drying, in order to distribute tho 
dressing preparation embedded between the individual threads 
of the fabric, tind thus impart a greater uniformity of appear- 
ance to thp whole. 

lit finishing cotton goods, tho following operation^ are em- 
ployed, in addition to those already mentioned ? 'Damping, 
gassing, shearing, raising, calendering, mangling, beating, 
moir&ng, stamping, folding, lapping, measuring, and pressing. 
Of these processes two are employed at* a much earlier stag!; 
than the rest: pissing before bleaching, and shearing after 
bleaching is completed. 

1 Shearing is performed in order ^o remove coarse irregu- 
larities, loosL) ends, fuipa, eta., and is an indispensable operation 
in the case of printed* fabrics, sinde these irregularities would 
spoil the impression, by preventing the access of the colour to 
the underlying body of the fabric, and thus leaving white marks 
in the pattern on the subsequent removal of the loose end$ and* 
naps. Various forms of shearing machine are employe^, the 

cutting being usually effected by a revolving cylinder, ^carrying 

* % 
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a mincer of spiral steJl blades, working against a • fixed 
horizontal knife. The fabric is first passed over brushy which 
rais# up the loose ends, fibres, etc., into positijyi for removal by# 
the cutting*meohanisnp Usually these machines are fitted wi^Ji 
two sets of cutters and several brushes, to enable the stutf*to be 
shorn oti both sides. • • 

After leaving the shearing machine, the pieces are opened 
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and brushed, to remove the cut fly, and ar% then finished— if to 
be left white— or dyed, printed, etc. 

Damping follows starching and drying, 'in ordej to fit the 
goods for the Subsequent triXtment, the^ibrcB lacking the re- 
quisite flexibility when dry. The damping madhine employed 
for this purpose consists chiefly of a quick-running brush, partly 
aimn^jrsed in a trough of water, which is thus discharged, in the 
form^f a fine spray, on to the goods as they are drawn by. ’A 
screen of fine gauze is interposed between the brush and the 
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goodif in order to keep back large driips of water, whicl|would 
DtherwiSe render the damping irregular. 

Goods ^intended for stiff finish are not put through «any 
farther finishing process, properly so-callfd ; but those required 
to exhibit softness and lustre are next calendered. The 
calendering machines used, for the most part, consist of three 
superimposed rollers, subjected to heavy pressure, the middle 
roller being of steel, and the other two of paper (Fig. 44), 
by pressing a number of layers of veFy good class paper 
upon steel cores. 'J’ho use of steel rollers throughout would be 
calculated to damage the fibre under the heavy pressures em- 
ployed. According to the effect desired, the goods in the 
oalendor may be fed either between two of the cylinders or all 
three. This treatment breaks up the cohesion of the dressing 
preparation, and imparts softness and gloss to tho fabric. Hot 
calendering gives a better gloss, and therefore the steel cylinder 
is provided with a steam -heating arrangement. To obtain the 
highest degree of gloss, the goods are put through the friction 
calender, which lias two steel cylinders and an intermediate 
paper one, tho friction being produced by running one of the 
steel cylinders faster than the other. The effect is sometimes 
heightened by^giving the steel cylinder a lateral motion as well. 
If a single passage through the machine does not produce the 
desired rScult the operation is repeated. Calendering machines 
are now made with a larger number of rollers (up to six). 

Tho action of the calender greatly depends on the nature of 
tho dressing preparation employed. Thus, if the fabric be 
dressod merely with wheat starch, it cannot be raised to^aify 
special degreo of softness and gloss by repeated calendering, 
tho operation being therefore restricted to crushing the dress- 
ing. For glossy finish, use is made qf fats, waxes, stearin, etc: 

Sometimes unstavchad goods are calendered, the object being 
to make them denser%:n texture, irt order to retard the penetra- 
tion of the printing colour or the subsequently applied dressing 
preparation. 

Silk-Finish Calender. -vln Nominees calender as m^de by* 
Kleinwerfer of Crefeld, the metal roller is covered witfe fine 
hatching, so that when a fabric is impressed, it acquires a silky 
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sheen.l The number of lhx?s ranges from 6 to 25 per millimetre, 
according to the fabric to be treated, and their inclination 
tov&rd the axis of the roller also varies from*15 to 45 . Thi# 



method competes with mercerisation rffid is largely used for 
cheap serges (merinos). 

A process similar to calendering is that of mangling, which 
•replaces it income cases. Itox-ftiangles are generally used, 
consisting of rectangular wooden boxes (big. 45) filled with 
stones a*id lumps of old iron, and run to and frp over a couple 
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,of rollers, on which the fabric to be**fnangled*i6 woundl tightly 
and without creasing. The goods must be damped in a perfectly 
•uniform mannep, since otherwise the fabric might become 
weakened under thd Enormous pressure applied. According to 
the finish in view, the rollers are large or small, and made of 
woqd or metal — large wooden rollers* furnishing tho best gloss 
of all. As a rule, the goods are left in the mangle during t four 
to six double traverses of the weighted box. In another type 



of mangle the roll of cloth is rotated»undcr powerful pressure, 
between two heav/ metoil rollers. 

Beetling is a stamping prooess % which produces an atlas-like 
gloss. The goods are wound on a wooden roller, covered with 
calico and situated underneath a row of wooden stamps aotuated 
by lifting cams (Fig. 46). -There are usually tfSvo pieceg in {► 
length, and three lengths side by side on each roller. « 

In the seotion shown in the drawing, the lifting cams are 
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represented by *6, and ate mounted , spirally, on the sfiaft a 4 
c is one of the wooden stamps ; « is the full roller in the 
machine; d t one that is finished, and /, or** tilled with clotfl 
ready for insertion vi the machine. * # * • • 

The rollers revolve at slow speed, and at the same time are 
moved*to and fro longitudinally. After being beetled for t^bout 
half an hour, the goods are taken out, wound on another similar 
roller, and put through the same treatment over again. 1 

In the now MathPr and Platt beetles, the wooden stamps are 
fastened to<metallic springs and are much wore productive than 
th (folder form. They have not yet, however, been able to en- 
tirely displace the older machines, the latter furnishing better 
results in point of quality. 

Some fabrics are moired or stamped. * 

Moiri'i or watered effects are optical effects produced by com- 
pressing some parts of the threads flat, and leaving the remainder 
in their natural condition, thus producing tin* impression of a 
pattern. t . 

Various methods are employed for this purpese — * * 

1. By running the fabric double through the calender ; * 

”^2. By mangling ; 

3. By calendering between two rollers, one of which is 
smooth, the other engraved with a large number o[ mutually 
intersecting lines. A lateral movement is also impaled dfiring 
the rotation ; 

4. The fabric is subjected to the action of an engraved roller 
bearing a moire design. 

* Ifyffc fabrics alone are suitable for this process, and conse- 
quently fatty dressing preparations are employed. 

Stamping consists in producing a raised design by the aid ol*j 
an engraved roller, and enn therefore only be practised on soft- » 
finish goods. A three-cylinder calender is employe*!, the middle j 
one being of itietal and engraved, the two others of paper. * 

Some goods finished with fatty dressings are also lustred or 
glossed by ironing with a steel iron. 

* Ttju final operations in finishing cotton goods consist of fold- 
ing, Jappi measuring, and pressing, each effected by the aid 
of special appliances. Pressing, the object of which is to 
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reduce bulk, is mostly performed in f/ydraulic presses fhere a 
large nui^ber of pieces, arranged side by side, piled oni^row 
'bn another, and' separated by plates of zinc or board^f^? 
treated at one operation. 

The selection and performance of the foregoing operations in 
the finishing process depend on the quality of the gocds, and 
may differ considerably. Some whito goods are not dressed 
at all, but ‘are simply damped and calendered hot (so-called 
“ natural finish "). Hard finish is produced by merely starching 
and drying, and “ h n Jf smooth ” finish by a second calendering, 
etc. 


liaised goods (flannels, fustian, calmuck, etc.) require a special 
treatment to produce. a soft nap or pile on one or both sides of 
the stuff. This is effected in the raising machine, which mainly 
consists of horizontal cylinders arranged in a semicircle and 
fitted with a number of steel points. One part of the set is 
moved in one direction, the rest in the opposite direction. The 
goods to be raised must be perfectly dry. Raising is applied 
to both white a*'d coloured or printed goods ; in the latter cases 
the raising may be effected before or after dyeing or printing. 

Raised cotton goods of this,kind serve as cheap imitations jf 
woollen goods. 


Linens are finished in just the same manner as cottons. In 
this class of goods the beetling process plays a very important 
part, and imparts to these fabrics their highly prized gloss. 
Linens are not put through the raising process. 

Hemp and jute goods are generally calendered upder be&vy 
pressure, in order to press the threads out flat, and thus give 
the fabric a closer appearance. 

The finishing of silk goods retnmbles that of cottons, inas- 
much as th3 same operations, or nearly so, are employed in 
both cases. However, as stated in the introduction, silken 
fabrics are rarely stiffened with dressing preparations; and 
these, when used at all, are of very simple constitution, con- 
taining nothing but gum, dextrin, or size. * ' 

Each separate quality and kind of fabric requires special 
treatment. As a rule, the fabric, on leaving the loom, is cleaned 
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by me^is of steel. roller brushes, then shorn or passed, nibbed 
with smoothly polished stee^Utes to straighten out the threads, 
and #eventually coated, while in a stretched conditiop, /with 
dressing preparation, appljed on tin* hack ; tjien dried and 
pressed or calendered. Properly woven silk goods are n vastly, 
only warm pressed after the projecting fibres have been removed 
and the threads straightened out and stopped. The pressing is 
effected either in the press, with* hot plates, or in the calender. 
The finest silks are merely lunoothened by cold pressing. These 
fabrics are neithei rajsed, beetled, nor mangled. 

Finishing Woollens. — Woollen fabrics are put through a 
more complex finishing process than any other kind of textile 
goods. The methods employed depend on whetner the fabric 
belongs to the woollen or the worsted class. In either case a 
large number of operations have to he gone’ through, according 
to the quality, etc., and these consist of various mechanical 
treatments, the application of dressing preparations "being 
seldom resorted to. 

)f the operations already described, those of beotling f 

^angling, moireing, and relief-stamping are never applied to 
* ^ » 

woollens ; and the other processes of stenting, shearing, mining, 

pressing are performed in a different manner from that 
practised in the case of cottons. * 

Shearing is effected in special shearing machines. Raising is 
an important operation, especially in the case of woolteti cloths. 
It consists m loosening the surface layer of felt and laying the 
wool fibres in the form of a nap. This is done in the raising 
gig, the wording part of which consists of a drum covered >vi th 
rows 9f teazles or card clothing. Dull eardin^'pins are used at 
first to raise the fibres out of the fabric slowly and without 
damage, the sharper pins then laying the fibres smoothly in the 
one direction. j 

The fabric must he raised in a damp date, since when dry 
the fibres are not sufficiently supple, and are liable to injury 
during the process. On the other hand, the fabric must not 
be too wet, or the carding pins will become too soft. The 
^tfnger the cloth is raised in a semi-wilt state, the better the gloss 
and t&o more firmly will the nap he stroked down on the surface 

‘20 
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Pressing is a far more important operation in the flushing 
of woollen goods than in any ot tar fabrics, and is performed 
in a ffp(jcial manner foi^ each different class of material. Hot 
pressing alone bi given, since it is f only by heat (or moisture) 
ihat f the wool hair*# are rendered flexible. Hydraulic presses 
are ^generally used, the goods being piled up, a number of 
pieces together, with hot metal sheets between each two pieces, 
and layers of millboard between the separate folds of the cloth. 
In sorfle places the heating is effected by enclosing the press 
in a heating chamber. The modifications of this operation 
consist in differences of duration and degree of pressure ap- 
plied, the greatest lustre being obtained by prolonged exposure 
to heavy pressure. To produce high lustre the cloth is pressed 
several times under heavy pressure and for some hours at a 
timo, being often left in the press all night. The pressure is 
applied lightly at first and increased afterwards. Some wool- 
lens are pressed for only a few minutes, the object 'in such 
cases being merely to smooth them out without producing any 
‘ lustre. 

variety of continuous pressing, usually employed as a pre- 
paration for the actpal process, is effected on the trough press, 
a machine consisting of a trough-shaped metal plate in wfhfch 
a metal cylinder slowly revolves, both being heated. The fabric 
passes slowly between the cylinder and the plate, and is there- 
by gently pressed and smoothed. 

The finishing of woollens also comprises three operations 
that are unknown in tho finishing of other fabrics, viz. steam- 
ing, crabbing, and fulling or milling. 

The steaming'process is also known as “ decatiring,” from an 
old French word meaning to deprive of lustre, though, as a 
r matter of fact, this sense of the word is only applicable to one 
modification of the process, namely, the removal of the greasy 
lustre produced on woollen cloth by pressing, *he pile of the 
cloth being caused to stand up a K\tle by passing tho fabric over 
an arched platb of perforated metal through which a current of 
steam is being passed. 

In the process of steaming, properly so-called, the fabric is 
Wound tightly around a perforated metal cylinder, throvgfc the 
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axis which steajn is admitted to the interior. Ti ie steam 
may be caused to pass through the material from the inside, or 
vice versa. 

In the former cas^ (the old methotjj the* steam enters 
through the axis of the cylinder ; in the other (vacuum tfteum 1 
ing) the*cylinder is placed* in a closed casing into which steam 
is admitted, and is drawn through the material into the 
cylinder and discharged outside. 

Steaming softens the libres and fixes the sev<y*u4 layers in 
the fabric in the pcfsftion imparted to then^hy pn*ssing. The 
more tightly the fabric is wound on the cylinder, and the 
longer ft is steamed, tin* higher the lustre. 

^ 50 me articles are steamed for a long time, and then left to 
cool down before being unrolled from tji * cylindrt*; others, 
again, are steamed for only a few minutes, and immediately 
unwound ; from which it is evident that, like pressing, this 
operation can he performed m a variety of ways. 

In other cases, again, the goods on the steaming cylinder art? 
immersed in a vat or chest into which steam is admitted, oc.« 
steam is applied to both sides of tin* goods at om*\ • 

Crabbing or potting is a mild form of steiftning applied chiefly 
to half-wool and light woollen goods. In this ^operation the 
goods are more or less tightly wound on a roller, which revolves 
in a vessel of hot water. This treatment softens th^.pile and 
fixes it in existing position, with the result that t he subse- 
quent displacement likely to occur, owing to different? degrees 
of hygroscopicity in # the libres of these mixed fabrics is retarded. 

% Fulling ot milling i^ piincipally employed in the production 
of wBollen cloth, and is an operation basdfi on the. felting 
capacity of wool fibre. In performing# this treatment, the 
woollen fabric is fastenee^end for end like a sack, and irnpreg-* 
nq, ted with a Solution of soap in i* fuUing. mill (see Fig. 47), 
where it is left, for some considerable time. 

Thfc fulling mill consists chiefly of two adjustable rollers, 
a v a 2 , through which the Material is passed in its full breadth ; 

c i a 5 e the real milling rollers; r/Js a conduit in which the 
goods are pressed* into folds; e is the Hap closing the outlet of 
same, # and / the spring acting on this flap. 
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Fig. 47 also shows the feed conduit, b ; tjid band of ^.oth, <j , 
a perforated board, h, which tips up when a knot occurs in the 
band,' and thus,stop8 the machine; i is a flap through which 
the fulling liquor is^ntroduced, and k is the door.. 
r The effect of the milling process is in direct relation to the 
length of exposure, and also dependS’On the setting of the afore- 
said rollers. Thus, for examplo, a piece of cloth 50 yards long 
can be milled until the length has shrunk to 30 yards ; again, 



military blankets can be shrunk from their original dimensions 
of 11$ feet by 82 inches to 5 feet by inches in about four 

hours. ,.io ' . 

Slight milling is also applied to some worsted fabrics, and 
even to mixed fabrics, special effects being often produced by 

this means. '• 

The process-known as “impregnation” is often combined 
with milling, and consists of incorporating shorn hairs with the 
fabric by adding to the latter in the fulling mill as much as 
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20 to 26 per cent., and sotfieiimes up to 70 to SO per cent*, ofr 
its gwn weight of the pile hairs ohtaiinyl hy shearing ^loiclolh. 
These are applied to the underside of the mat&yil, with which 
they become incorporated, thanks to the fefting property of thy 
fibres. 

# • 

Much has been written and discussed of late fespeeting* the 
acid process of milling, wherein the soap solution is replaced 
by sulphuric acid. Up to the present, however, tfoe method 
has only given good^wsults in the manufacture of felt. 

Finally, a process of curling is employed, chiefly for tin* 
purposc*of imparting a curly appearance to the surface of winter 
overcoatings. In this process a plate, fitted with a brush, is 
pr?s°ed on the damped cloth, and set in motion i^ various 
ways, fliostly rotatory, the motion inlluencfng the style of curl 
produced. 

The <¥>mplex character of the finishing process applied to 
woollen fabrics may he gathered from the following summary 
of the operations comprised in two very common modes of 
finishing # * . 

1. A smooth, so-called “Oriental” cloth, ^n issuing from the 
\o9t%, is first washed with soda, then milled, carbonised, raised 
twice, stented, shorn, passed through the trough pnSw, pressed in 
the hydraulic press, and steamed. Up to this point is im- 
material whether the stuff has been dyed in the wool or will he 
in the piece, but from this stage onward their treatment is 
different, piece-dyed goods being then dyed, washed, dried on 
the stenting frame, shorn, and (generally) pressed thrice. Wool- 
dyed goods* are damped, raised, shorn, pressed, steamed, fend 
pressed twice. 

2. Worsteds are mostly nopped, washed with soap and soda, 
dried, gassed, ^rushed, gafsed, damped, steamed, stented, dyed, 
washed, crabbed, stented, shorn, pressed, ste'amed, and pressed 
again.. 
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Acetate silks, 11, 12. 

Acetic acid in dicing, 1S9. 

Acid black, 1 HI , 209. 
brown, 207, 
dye#, IMS. 

dye stuffs, application of, 188- 
196, 300-361. 

* for scarlet, 21 8. 
fugbsine, 239. 

green, 22 *, 2H9, 200, 291, 296, 

909, 310. 

mordants, 1*50-162. 
orotige, 291, 308. 
stains in carbonising. 132. 
violet, 215, 225, 289, 205, 29(5, i 
308, 309. 

yellow, 296. j 

Acruflnes, 105. 

Adhesion of dyes, 184. 

Mice live dyes, 180, 209. 

Adsorption of dyes, 186-188. I 

“ After chroming,” 198, 211. : 

Albumin dyes, 181. 

calic(*printing, with, 313. 
dvc-stu Js in calico printing, 352. 

Alizarine, 210, 211, 213, 220, 231, 23G, 

240, 291, 292, 293, 302, 303. 
ustrol, 289, 296. 
black, 214, 21C, 2i6, 229, 299. 
bjpe, 195, 194, 211, $26, 259, 291, 

• r 296. 

blue-black, 296, 297, 300. 

Bordeaux, 226, 206, 302, 303. 
cyaniue, 259, 294, 295. * 
cyanine creon, 226, 289f 290. 
drab, 2 16^297. 
emeraldo^ 296. 
tfrecn, 297. 

orange, 211, 226, 280, 291, 297. 
pure blue, 290. 
red, 211, 226, 289, 297, 3(79. 
rqpe, 382. • 

rose, reserves under, 380. 
nibinol, 293, 294, 296, 297. 
saphirol. 289, 290, 295, 296, '-''.17. j oil, 271 
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Ah/arinr violrt . 303, 3,y. 

violet, reserves itnuer, 3SO. 
viridine ■ , 26, 290. 
yellow, 211, 226, 290, 291. 

Alkali blue, 28't 308, 360. 
dyeing, 191. 
violet, 235, IKK 

Alkaline discharge, 374. 

Alpaca, 67, 69. • 

Alum. m,r»7 236. 

Alumina mordants, 142 146. 

Aluminium acetate, 115, 269. 
nli/arate, 233. 
chlorate, 146, 373. 
chloride, 116. • 

chloride as carbonising agent, 
128, 1 29, 131. 
fluoride, 146.^ 
nitrate# 146. 

• pyroliguite, 146. 
sulphate, 143. 

sul phocyanidc* 146. 

Amethyst, *20. - 

Amidoazohenzul, 261. # ; 

Amidoftzotoluol, 262. 

Amidonaphthol red, 29ii. m 

sulphonic acid, 262. • 

Aminopheuolazo dye-stuffs, 214. 

Ammonia for cleaning wool, 123. 
salt, 283. 

vat, 254. # * 

Ammonium carbonate for wool-wash- 

i*Jg, 11C. 
citrate, 371. 
oxalate, 381. 

# pvsulf^jiate, 38], 
sulphate in mordanting, 154. 

Aniline Black, 2*15, 270, 209, 304, 308, 
354, 355. 
history of, 257. 
reserves under, 881. 
steam block, 855. 
i Ailflino drab, 296, 297, 
blue, 294. 
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Aniline tartrate, 350. 

Animal fibres, 35-72. 

distinguishing tests for, 35-37. 
r hairs, o2. 

Anthracene acid brown, £00, 297. 
black, 209. 

chrome black, 299. 
chromo blue, 2110. 

* chrome brown, 207. 
blue, 226, 259, 290, 294. 
brown, 211, 231, 205, 207, 298. 
chromo block, 214, 215 
chrome blue, 204. 
chromo red, 20J, 207. 
rod, 214, 226, 201. 
yellow, 210, 214, 220 291, 202, 
207. 

Anthracito black, 214, 308, 309. 
Anthracyanino, 295. 

A n th racy an c’, 200. 

Anthmpurpurino, 277. ' 

Antimony Halt, 100. 

salts for fixing dyes, 163, 166. 
tannato discharging, 371. 
Antimonyl potassium oxalato, 1G6. 
Antiseptics for prevention of mould, 
301. 

Apparatino, 380. 

Archil, 220, 205, 2%. 

substitute, 215. 

Artificial fibres, 1. 
silk, 2,8-13. 
silk- conditioning, 72. 

Asclepias cotton, 22. 

Auraminc, 1 05, 300, 301, 302, 300, 
910. ’ 

Azo acid black, 208. 
arc nil, 20G. 
fuchsiue, 293. 
violet, 203. 
yellow, 290, 296, 297. 

Azo black base, 262. 
cardinal, 293. 

carmine, 190, 293, , 294, 296, 

309. 

coralline, 293. 
fiavino, 215, 289, 30*9. 
fuchsino, 253, 289, 203, 204, 296, 

310. 

grenadine, 289, 293, 29G. 
phloxinc, 296. 
wool blue, 309. 

Azophore black, 202. 
blue, 262. 
red, 262. 

Azorongeant, 377. 

Azotol, 2C2. 


Barium peroxide for bleaching, 85. 

Basic dyes, 180. 

dye-stuffs in calico- printing, 
851. 

fixing, 163, 166, 120. 

application of, 195-199. 
to cotton, 197, 260. 
to silk, 197. 
to wool, 195. 
topping with, 205. 

Bastard vat, 249. 

Bast fibres, 23. 
soap, 193, 220. 

Battik goods, 323. 

Bayer’s benzazurine, 20G. 
cochineal scarlet PS, 212. ■ 
sulphocyanino, 100. 

Beetling, 308. 

Bengal rose, 308. 

Benzazurine, 201, 203, 200, 378. 9 

Benzidine dyes, 100. 
sulphate, 2G1. 

Bouzo black-blue, 201. 
blue-black, 258. 
chrome black, 304. 
chromo brown, 303. 
fast red, 302. 
grey, 201. 
pure blue, 300. 
purpurine, 201, 241, 3ui. 
violet, 303. ^ 

Bouzoic acid as a fixing agent, 16*. 

Berlin blue, 228, 274, 303. 357. 

Biobrich patont black, 200. 

Billiard green, 200. 

Bismarck brown, 105, 303. 

Black, dyeing cotton, 243, 303. 
on silk, 220-230, 280. 
on woojl, 220-220, 200. 

Bleaching agents, 77-01. 
continuous, 107. 
cotton, 02-107. , 

cotton piece-goods wide open, 
104. 

electrolytic, 107. 
hemp, 110, 
jute, 110. 
linen, 107-110. 

^partial, 105, 100. 
powder, 70, 80, 272. 
ramio, 110. 
silA, 111-113, 115. 
textile fibres, 113-122. 

Bleach with lime and resin soap, 96: ' 
full for linen, 109. 

piece-goods, 100-104. ‘ 
yarns, 105. 
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Blue dyrnng, 247-260, 2$9, 291. 
Blueing fibres, 123, 262. 

Boehme'a dye, 231. • 

Boiiftig cotton goods with resin lye, 
99. # • 

Bomhax cottou, 22. • 

Borax in dyeing, 192. 

Bordeaux* 190, 204, 289, 309. # 
dyeings, 293, 302. 

Bowking, 93, 101. 

kier (or bleaching cotton, 97. 
Bran, ‘238, 249. 
bath, 241. 

Brightening Turkey -retWeings, 237. 
Brilliant alizarinecsanino, 3C1, 210, 
. 220 . 
blue?29t. 
cloth blue, 296. 

#coohinoal f 292. 

(froeeino, 292, .309. 
genfuinc, 302, 374. 
green, 190, 300. 
milling blue, 295. 

• millyig green, 290. 

• ponceau, 292. 

Bromine for bleaching, 78, 79. 

Brown dyeings, 2.39, 297, 303. 
Buckthorn berries, 218, .378. 
Byssu^silk, 52. 

C^cpou de Laval, 209. 

Calcium ali/.ara e, 233, 234. 
Calendering, 390, 397. 
Calico-printing, 34 2 380. See also 
Beaming fabrics, 
discharge ellects in, 27 1. 

Camel wool, 67, 08. 

Canariue, 203. 

Carbazol, yellow, 210, 220 
Carbonising, 124. 

% agents, 1^5, 120, 1 ‘19-132. 

sjpves, J20-128. • 

Cardaret process for manufacture of 
silk, 10. 

Carmine dyes, 231. , 

Cashmere, 67. - 

Cassella’s diamifco blue HNV, 200. 
Catechu, 161, 228, 301, 303. 

dyeing, 241* 242. 

CauBti: soda discharge, 375. 

Celestine blue, 220. 

Celluloid, 6-8. 

Cellulose, 3-8. 

• * coiflposition of,* 4. 

silk, 10. 

Ceriuffi, 266. 

Chalk batl*, 25J, 365. 


Chardonnot silk,. 8, 9. 

Chemieking cotton goods, 100-103, ' 
271. 

l;neti, 75. , 

printed good*, 307. 

Chestnut extract, 102. 

Chicago-blue, 201, 258. 

China grass, 32. 

orange, 301. • 

\ ellow, 240, 301, 383. 

Chloiate discharge, 373. 

Chloride of lime, 79. 

Chlorine for bleaching, V8, 79. 
('htoimvliii, 155. 

Chromate discharge, 372. 

Chrome alkaline solutions, 151. 
black. 224, .300, 310. 
brown, 215. 
discharge style, 370. 
fast red, 291. « 

green, 343. 

mordants, 149-155, 231. 
orange, 271. 
violet. 220. 

yellow, 274, 275, 291, 373. 
Chromic chromates, 154. 

Chroinine, 289. 

Chroming aniline black, 207. 

after printing, 305. * 

Chromium acetate^ 19, 31*0. 
bisulphite, 149, 371. 

# chloride, 119, 160. 

lluorido, 160, 16 r, 213, 216. 
Chromogenc, 216. 

Chromotrope, 190, 210, 21 jf, 216, 290, 
294, 296, 297. ' b 

Chrysatniiie, 201, 208, 3()1. 

toluene yellow, 301. > • 

Chrysoidmo, 195, 300, 301, 302. 
phosphine, 301. 

Chrysopheninc, 201, 208, .301, 374. 
Citronine, 289. •> 

Cloth brown, 22fi. 

printing, historical account of, 
32?. 

red, 214, 28! >. 
scarlet, 220. 

Co<fhiueal, 2!/l. 

dyeirifc with, 217. 
seal let, 213, 217, 292. 

Coeruleine, 211, 220, 289, 291, 295, 
378. 

Colorimotric determinations, 310-314. 
Coloured discharges, 378. 

reserves, 382. * 

Colouring for dressing preparations, 
390. 

it 
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Colour, theory of, 173. 

Colours, combination of, 173-17#. 
equalising, 177. 
intenllty of, 17$. ' # 

matching, 1711. * 
Columbia-black, 258, 8(B. 
f chrome black, 304. 

Combed slivor printing, 387. 
Combined printing and dyeing, 3 
Conditioning cotton, 72. 

Bilk, 72. 
wool, 72. 

Congo, ‘201. * f 
Congo-corinth, 201, 203. 
Congo-red, 20b, 241, 3/8. 
Continuous vat, 2o9. 

Cop-dyeing. 284 287. 

Copper mordants, 158, 150. 
sulphate, 20b. 

sulphide paste in printing, 8 
Coralline, 3b0. t 

Cosmos fibre, 60. 

Cotton, 13. 


Cottop, structure of, 15. 
tests for, 33-35. 
tree, 22# 
tree wool, 13. 

Turkey-red dybi^g, 232-241, 301 . 
Cow hair,»68. 

| Crabbing woollen goodB, 403. 
Crcpo.effecfc, Cb. 

| Cresyl blue, 802. 

! Croccine, 202. 

! orange, 28 >. 

scarlet, 280, 201, 202. 

Curcuma, -200. 

Cutch. Se£ Catechu. 

Clive (ttcohrrante , 375. 

Cyanauthrene, 302. 

Cyanines, 186, 29b, 207, 30& 

Cyauol, 100, 280, 207. 
fast green, 20b. 
green, 200, 20b. 1 

Cylinder printing press, 320.* 
Cyprian gold thread, 2. 


action of alkalis on, 18. | Dampino cotton goods, 395^ 

application of acid dyo-stulTs to, ; machine, 395. 

194. ! Docatiriug woollen goods, 402. 

basic dye-stuffs to, 197, 2b0. j Decolorising vat, 372. 
developing dyes to, 2G1-2G5. ; Deepening method of dyeing, 213, 
f diazotised or ingrain dyes to, 215. < 

203**05. Delta purpurmo, 208, 292. 

direct dyes to, i 99- 203. f Domeusc machine, 118-120. 

mordant dyes to, 230. 1 Dcru machine, 118 120. 

oxidation dyes to, 265-273. “ Deux htiilex 172, 194. 

Asclepias, 22. Developing dves, 181, 203-205 , 261- 

hleach\ng, 79, 92-107. 265. ' € 

HombM, 22. dye Htuffs in calico-printing, 353, 

brown, 201. 4 357. «* 

chemical behaviour of, 17. with cliromo, 242. 

commercial varieties of, 15. Dextrin in dressings, 389. 
composition of, 17. Diamine, 201. 


conditioning, 72. j azo blue^ibO. r 

dyeing, 800-304. black, 1 203, 216, 258. 302, 303. 

with catoclfu, 242. I blue, 200. 


with logwood, 243. Bordeaux, 302. 

with uitranilino'red, 302. bi^nze, 308. 


with sulphur dyos, 244-247. brown M, 303. 
with vat dyos, 25G-259. eaffechu, 204. f 

fibres, 15., * c fast yellow, 300. 


finishing, 894-400. < 

fixing with iron, 160. 
gathering, 14. 
historical account of, 14. 
merceriaod dyeing, 247. 
mercerising, 18-22. 
l mordanting, 138-142. 
origin of, 13. 
seed oil, 14. 


m golden-yellow, 301,301. 
green, 201, 202, 300. 
pure blue, 260, 300. 
v)so, 302. 
scarlet, 208, 291. 
violet, 303. 
yellow, 377. 

Diamineral black, 304. 
brown, 300. 
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Diaminflgene, 2B9, 303F, 382. 
blue, 260, 302. 

Diamond black, 214, 213, 226. 
brown, 226. . 
deep blacky 304. 
flavine, 297. # 

grean, 226, 290. 
yellow, 22C, 291. • 

Dianiaidine blue, 260, 262, 263, 265. 

Diamine blue, 260, 302. 

I)iazo black, 203, 303, 305. 
brilliant block, 204. 
brilliant scarlet, 30*> 
indigo, 260. 

Diazotised dianisidme, 276. 
dj<*, 203. 

Diazotising, 263. 

Dichlorauiline, 262. 

l^ncynaphthalene - sulphome acid, 

26 j. 

Diphenyl black, 270, 1482. 

Direct auiline block, 270. 
blue-b ark, 303. 

m dct^i black, 303. 

dyes, application to cotton, 199. 
to silk, 208, 
to wool. 207. 
discharge of, 377. 

Rye stuffs in calico-printing, 353. 

Discharge printing, 274, 322, 358. 

•*% of mordant, 370. 

• style printing, 370, 374, 376. 

Discharge, caustic soda, 375. 
chromate, 372. . 

ferric^ranide, 37T, fl5. 
nitrata,j377. 
persulplmto, 373. 

Discharges, coloured, 378. 

Discharging antimony tannate, 371. 
direct dyes, 377. » 
ice colours, 377. 

•mangimcse bistre, 376. 
sulphur dyes, 374. 
vat blue, 372. 
with direct djes, 374. 
with tin, 377. 

Distribution, law of, 1H4. 

Divi divi, 16*2^ 

Domingo chromo red, 226. 
yellow, 291. 

Drab, 296. 

Dressing, 3B8, 391, 393. 

Dunging " cottfn, 141. 

Dyeing, 173-320. 
reversed, 1-36. 
theory of, 179-188. 
to pRttew, 178. 


i 

Dyestuffs, reaction on fibre. 314. 

selection of, 288. * 

Dye vatyi, 276-2*7. 

D\e«wood drah,d236, 291, 

Dy e • w ood s 1 0 ,* 2 k2 . 

Ei.iiKitPKLn silk, 10. 

Electrolytic hleacliing procoss. # lu7. 
Kmcnvldinc, 267*. 

Km in red, 20 s *. * 

Kosamme, 289. 

Kasims, 191, 193, 2-^. • 

Ki|imlisation, 255. 

Krhan and Hfiocht method of dyeing 
eottan, 231 . 

Turkey- red, 210. 

Erica, 302. 

Ethvl-fl naphUnhiiinnc, 201. 
Kuihodmes, 195. 

Extract wo|l, 6 l. 

Famuli*, examining f>»r wool substi- 
tutes, 70. 

East arid blue, 309. 

blues, 294, 295, 308. 
chrome black, 300. 
diamine red, 207, 210, 21 1. 

yellow, :jai. 
drabs, ^97. ^ 

# green, 190, 290, 308, .309. 
inordanl blue, 295 
red, 190, 289, 291, 294. 
red and blue style, 359. 

Hcurlets, 291. I 

violet, 190, 215, 294, 296, 

:J 08 . 

yellow, 290, 296. • * 

Fastness of dyes to acids, 319. 
to alkali, 319. 
to bleach, 319. 
to carbon jping, 291. • 

to crabbing, 304. 
to ironing and steaming, 329. 
to light, 198, 292, 237, 299, 31J. 
to milling, 291, 292, 293, 29o, 
. 31 ?. 

to nerspi ration » 320. 
to pottmg, 299. 
to soap, 289, 319. 
to sulphur, 320. 

to water and washing, 289, 230* 
319. 

•• testing of, 217. # 

Fatty substances in dressings, J!P89. 
Ferrous acetate, 147. 

4 sulphate, 14^ 148. 
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Fibres, distinguishing tests for, 33/37. ! Glona.black, 308, 309. 

Fibrdin, 46. | fabrics, dyeing of, 308. 


Finish, flossy, 396. 
half-smooth, 40(4* 
hard, 400. • 

natural, 400. 
raised, 400. 
hi Ik, 396. 
stiHT, .396. 

Finishing articles, 3HH, 394-405. 

Firoprooling agents, 391. 

iFixing basic (jyes on cotton, 163. 
colour of printed goods, *261. 
iron on cotton, 166^ 
substantivo dyes, 206. 

Flavanthrono, 248, 301. 

Flavazol, 214. 

Flavine, 218, 290, 291. 

Flax, 1,23-27. 

bleaching. Soo Litton, 
breaking, 25. • 

chemical behaviour of, 27. 
commercial varieties of, 25. 
composition of, 27. 
crushing, 25. 

1 definition and origin of, 2:3. 
fibres, 23, 25, 26. 
heckling, 25. 
historical accent of, 25. 
preparation of, 23 25, 
scutching, 25. , 

specific gravity of, 27. 

• structure of, &>. 

tests for 34, 35, 48, 49. 

Floretto silkj‘41, 45. 

Formaldehyde, 207. 

Formic acid in dyeing, 189. 
mordanting, 154. 

Formyl blue, 289. 
violot, 289. 

Froth dyeing, 288. 

Fuchsine, 197, 198, 22f , 293, :302. 

Fugitive scarlet, 217. 

Full bleach for linen, 109. % 

Falling woollen goods, 403-405. 

Fustet wood, 218. 

Fustic, 213, 242, 290, 291 K 297, ,301. % 


Galleine, 210, 211, 226, 289, 296. 
Gall nuts, 161. 

Gallocyanino, 378. 

Galloflavine, 226, 291. 

Gallotannic acid, 161. 

Garrfhcin strips, 238. 

Glauber salt for dyeing, 189-191, 199 
203, 207, 208, ^5. 


Glycerine in Calico-printing, 644. * 

Goat wool, 67. 

Green dyeings, 289, 200, 300, 

Green’s ta*ble for testing wool and 
silk dyeings, 314-316. 

Grey Bhades, 296, 303. 

Guinea red, 293. 

Gum-arabic, for thickening, 347. 

H. EM ATKIN, 222. 

Hiematoxylin, 220. 
j Half-silk goo*d£,' dyeing of, 307. 

Half-wool black, 306. „ 

Half-woollen goods, dyeing of, 208, 
305. 

j Hand printing, 324-327. 

I Heliotrope, 378. 

! Hemp, 1, 27. 
j bleaching, 110. 

| chemical behaviour of, 29. 

| commercial varieties of, 9, 28. 

j composition of, 29. • 

l definition and occurrence of, 27. r 

dyeing, 304. 

1 goods, finishing, 400. 

1 historical account of, 28. 

preparation of, 27. 

I structure of, 28. 

j tests for, 35. 

Hortel’s bloaching process, 106. 
j Hessian dyos, 201. 

Hummol on Turkey-red dyeing, 237. 

Hydrocellulose, 4, 5, 8. < 

i Hydrochloric acid as carbonising 
agent, 131. 

Hydrogen poioxide for bleaching, 82- 
84. 

j Hydrosulphite discharge, 377, 386. 

! test, 314. * 

! vat, 253 -**256. , • 

i Hydrosulphurous acid for bleaching, 

; so. 

I Ice colours, 261-265, 353. 
discharging of, 37‘ft 
reserves under, 380. 

lmnydial Bordeaux, 3$2. 
blue, 246, 302. 
brown, 303. 
incline blue, 302. 
orange, 301. , 

yellow, 301. 

Impregnation of woollens, 404. 

Indamine, 197. 
blue, 260. 
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Indanfltrene, 248, 302,’ 360. 
dyestuffs reserving, 380. • 

Indian yellow, 283, 308. 

Inc^go, C48 253. 
artificial, 251. 
blue, 261, #7l\ 275. 
carmine, 130, 295, :10£ 
di^argo style, 372, 37 L 
printing, 358 . 
indophcnol vat, 259 
red, 293. 
salt, 359. 

Indigopbenol, 218 . 
blue, 359. 
white, 253. 

Indoine^95, 198, 200. 
bite, 198. 

indol blue, 260. 

Indopheno blue, 260. 

Ii^oph cniner^OO. 

Inciophetiol blue, 248. 

Induline, 195, 197, 198, 289. 

Ingrain dyos, 203. 

Insolation, 297. 

Iodine aolution test for vegetable 
fibres, 33. 

Irisaminc, 289, 302. 

Tron acetate, 273. 
block, 223. 
dh&mois, 273, 357. 
mordants, 147 149. 

.nitrate, 14H, 273. 
i pyrol ignite, 147, 228. 
sulpliftte, 147. 

Java, Turkey-red dyeing in, 230. 

Jute, 1, 29. # 0 

bleaching, 110. 

chemical behaviour of, 30. 

commerce of, 29. 

composition of, 3(^ 

definilhm and occurrence of, 29. 

distinguished from ffax, 35. 

goods finishing, 400. j 

historical account of, 29. 

preparation of, 29. 

structure 30. j 

Katigenk, ‘24G. I 

black, 308* 
frown, 303. 
chrome blue, 302. 
dark blue, 302. 
gcecu, 300. - 

indigo, 302. 
olive, 300. 

fellow, 300, 301. i 



Khaki, 301. 

Korichrow mordant, 134. 
Kornfeld Turkey-red proves-*. 


LaoMnp, 218. 

Lake-, 210/ » 

Laimoyl violet, 296. 

Lumifmhsine. 296, 309. 

Lange's test for n.^on, 21. , 

Linghans' proctNs for manufacture 

of silk, 10. 

Lehner process of silk manufacture, 1 

in. , • 

Leviathan washer, 118 1 20. 

I.icella yarn,*L 

Licchti ami Simla's investigations in 1 
Turkey red d\cing, 233. 

Light green, 308. 
yellow, 260 . 

T.ifltitpiouf yellow, 296, jj97. 

1 iiine, as m^rda it, 166. 

boiling of cotton, 91, 96. 
in Turke\-red dyeing, 232. 

Linen blenching, 79, 107 110. 
dyeing, 301. 

goods, finishing, 400. % 

Lister’s method of working waste 
silk, 41. 

Llama, 67. 

Loading ingrcdiqj^lk m dressings, 
Logwood, *13, 220, 227, 231, 212, 

• 290, *295, 297, 301, 302, 303, 

301. * 

block, 212, 227, 298. 
black dying cotton \fith, 243. 
blue, 225. * • 

dyeing on wool, 220-2 .0. 
extract, 221, 222. 
topping with, 253. 

“ 1 .ii era ” goods, 360. 

Lumen, 15. 

Lustring silk, 113. 


MaddKK, 2J3, 220, 249. 

red, 291. * 

Macrtens process of scouring wool, 

197. 2HJ», :m. 

Magnesium chloride as carbonising 
agent, 128, 130. 

Malachite green, 195, 196, 197, 289, 
300. 

Malt, for eliminating thickening 
•materials, 367. 

Manganese bistre, 273, 303, 357.* 
discharging, 376. 
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Manganous cliloA.ie, '-'7:). 

.Mangling cotton giwds, 397. 

Mnrno blue, 1*15, 239. 

Marscike^ soap, 103, 104, VM>, -OH, 

:jgg. j 

44 Matching ” flytA, 178, J 79. 
llathor-IMatt oxidation apparatus, 
200-209. 
booties, .TJO. j 

Matlfer and Ibotoson continuous 
bleaching process, 107. 
Molanogun blue, 217, 10*2. 
Molantiirenu, 303. 

Mercerised rotfhn dyeing, 203, 2 47. 
Mercerising cotton, 1-8^20. 
pioce-goodrt, 21. 
yarn, ‘JO. 

Metal printing, 383. 

Metals for lustring, : t*. > 1 . 

Metallic mordants, 131. • 

Mulpbiifbs in drossiims, 391. 
threads, J. ' 

Metaplinnylene blue, 200. 

Methyl blue, 289. 

Methylene blue, l! to, 228, 258, 300, 
302, 30 1. 
f grey, 107. 

violet, 258, dOd. 

1 Methfl green, 1%, 11)7, 309. 

, violet, 2d l, <’09, 289, J.U, ■Jilts 
dOJ, dod, :liVb c 
violet blues, H7. « 

Mikado dyos, 20J, 201. 
orange, 301. 
yellow, JOM, d()l. 

Millar’s arf^ieial silk, 10. 

Milling blue, 211, 295. 

erf po effect obtained by, 0(1. 
groan, 1, 280. 
woollen goods, 403. 
yollow, 200, 201, 205. 

Mineral fibres, l, 2. 

Mixctf fabrics, dyeing of. 304. 

Mob air, 07. 

Moire elloot* 1 , dOO. * 

c silk, 10 1. 

Mominer cop-dyeing machine, 28G, 
2H7. * » 

Monoj>ol acid r.d, 208. t 
soap, 171, 8S0. 

Mordant discharging, 370. 
dyes, ISO. 

application of, 200. 
to cotton, 230. 
to silk, 220. 
to wool, 210, 292, 203. 
dye stuffs in printing, 340-351. 


Moilanting, 13*2-172. 
cotton, 138 142. 

1 silk, 138. 
wool, 1 35 137. 

Mordants, 132-172, 3.50. 
acid, J GO 172. 
alumina, 142. 
chroine, 140. 
copper, 158. 
iron, 147. 
lead, 150. 
lime, 150. 
magnesia, 150. 
mangapose, 150, 100. 
nickel, 150. 
oleie acid, 108. 
tannic acid, 100-102. 
tin, 155. 
titanium, 150. 
zirft, 150. " ’ , 

'Mordant yellow, 22G, 200, 20 J. 

Mould, prevention of, 301. 

Mymbolans, 102. 

Mungo, 00. 

< 

Nmuithamine fast rod, 201. 

Naplitindonc, 200. 

Nuphtbol, 0, 204, 201, 202. 
black, 2 >8. 
blue, 202, 20.3, 
rod, 203. 

yellow, 100, 280, 290 

Napnthvlarnino, 204, 201, 202. 
black, 280, 298, 200, -108. 
ether, 201. 

Na\y blue, 205, 308. « 

Now blue, P»5, 200. , . 

“ New red,” 235. 

Nigrosino, 105. 

Nile blue, 105, 300, 371. 

Nitranilino, 202. 
red, 3q2. 

Nitrate dischargo, 377. • 

Nitrocellulose, 0, 7. 

Nitrosamine red, 202, 205. 

NitroSft blue, 205. 

Noir riiho, 228, 220. 

Nominees calender, oOO. 

Nyanza black, 200. t 

0 v 

OnEimuucir artificial silk, 10. 

Olarmaier dyeing machine, 278 280. 

Oolder salt, 200. 

Oehler’s testing apparatus, 3)8. 

•‘Old red,” 235. 

Oleic acid9 as mordants, 168-17}^ 235. 
application to silk, 172. 
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Oleic alids, application iu cA ico 

Potassium bnrtimtej 209. 

* priming, 843. 1 

chromate disjc^arge, 373. a 

Olivanthrene, 800. 

ferricvanide discharge, 373,^174. 

Opaline printing, 383. 

for bleaching. 36 • 

Orango chrome, 275, 301. 

f^rrdevanido 270. 

dyeings, 28^ 301. 

permaiiganiwo Jpr Idea* lung, 85. 

II, 28 ill, 309. 

sulphiti**3S2. 


Potting woollens, 103. 

C, 29J. 

Pressing woollen g«>ods, 402. 

O. :iOii. 

Primrose, 230. • 

2H, -210. 

Priniullne, 201, 203, 204, .301, .102. 

Oriental cloth finishing, 405. 

rod, ".02. 

Orleans, 'JO 1 .*. # 

Printing and dvemg combined, 363. 

Oxalic acid in discharging, 37 ‘2. 

blue, 255. • 43 

Oxazines, 105. m 

brightening colours in, 343. • 

Oxidation chamber, 207. 

« alien, 3 If- 336. • 

dy«g*^G5>272. 

colour, preparing the, 312, 350, 

process, 1 10. 

351, 353, 350, 385. 

Oxidising bleach ingt^onk, 73. 
Ox|pLdutosec;xB*ot<mi, 17. 

r\ linders, ellgiAMlig the, 32*3-3 l.!. 

direct rej). eduction “f pattern 

Ox) diamine black, 803 

' Tv, 34 1311. « 

Oxygen Us bleaching agent, 73. 

dt scliar^ 1 effects in, 358. 

O/o.io for bleaching, 73. 

st \ le, 370, 371. 
fabrics, 321 387. 

1^ddin«.^13'».141. 

Palatine black, 203. 

fast red and blue t»t\le, 159. 

ti\mg and adjimets agent, in, 31 1. 

scarlet, 202, 303. 

351, 360. 

Paramidodiphenylamine, 270. 

band, 32 1 327. 

Paramine, 272. 

historical account of, 322 321. 

blown. 272. 357. 

metal, 3 h3. 

Paranitraniline, 261 . 

mordants u^'/in, 313. 

tomnlienyleno blue, 260. 

Pat<Jifc bluo, 100, 211, 214, 230, 290, 

on the cfhiffler inacliine, 333. 

opaline, #1. # 

205, 2116, 303, 300. 

pa>te, preparing copper sul 

N, 136. 

plndc, 351. 

Paulv silk, 10, 1 1. 

pile, 383. 

Poarl shades in dyeing, 205. 

plates, 321. 

Pergor’s testlrtg apparatus, 313. 

press cylinder, 329. 

Perrotino press, 327-320. 

perrotino, 327-32*1. 

Persulphate discharge, 373. 

setting and working a mul- 

Phenetidme red, 262. « 

tiple-colour machine, 

UhenoPbluc -\jlack, 303. 

337-342. 

PhenvJenediamine, 204 

settinggmd working a ffinglc- 

Phloxiues, *89. 

colour machine, 33 1 

Phosphino. 300. ; 

Phthalic arid, for fixing dyes J35. 
Picric acid, iu sill^dyeing, 2#T 

# 337. 

propiolic acid, method of, 35 9* • 

reserve Btylo, 879-382. 

Piece dyeing in#hine8, 230-233. 

9 3" i G. 

Pile-printing, 383. 

sliding ehntact, 353 
sliver, 3H7. 

Pipeclay in thickening, 317. A 

Ponclku, 100, 203, 217, 230, 201, 202, 

11 squares," 326. 

206, 809, 310, 300. 

thickening agents, 344 349, 385. 

Potash, blue, 205. 

eliminating, 367. 

m for wool-washing, 117. 

with albumin d> e-util fTn, 

i recovering frodl wool yolk, 121. ! 

332. 

Potassium bichromates, 151-151. j 

with acid dye-gfcufls, 300 %»1 . 

faibhromate, 78, 86, 206. j 

with basic dye-stuffs, 351*. 
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Printing, thickening ^ith developing 
dvo -gtuflH, 353-357. 
with direct dye stuffs, 353. 
with mordant dye-stuffs, 
349-351. ‘ 

with suJpl/Qr dye stuffs, 357. 
with vat dye s.uffs, 358-3G0. 
topping, 382. 

treatment after, J100-308, 385. 
•figoureux, 337. 
warps, 3 h7. # 

woo), 383-386. 
yarns, 387. 

Printed goods, treatment of, 360-368. 

Pr^piolie aewl print, 359. 

Prudhoinm blank, 27.), 350. 

Purple dyeings, 296. 

Pyn mines, l')5. 

Qijkkcitiion, 231, 290, 231 301, 302, 
303, 30'). - 

Quinoline yellow, 130, 233, 230, 230. 

Kaihrd goods, 400. 

Raising woollen goods, 401. 

Ramio, 1, 31. 

»*■ bleaching, 1 10. 
dyeing, 304. 

1 fibre, ehomieal behaviour of, 33. 
*’ commeree and statistics of, 

' 32. 

composition of, 33. 
historical aeeV.init of, 32. ' 
occurrence of, 31. 
preparation of, 31. 

Himeturo of, 32. 

Red dyoinjj;.), 283, 301. 

Reducing bleaching agents, 80-31. 

Red wood, 212, 237. 

Reserve printing, 322. 

style priutiHg, 373-382. 
under ali/arino, 380. 

aniline blai k, 381. 
witli tannin dyes, 380. 

Reserving indantlireno dye-stuffs, 380. 
o sulphur dyes, 380. 
thioindigo rod, 380. 

Retting flux, 23-24. 

Rhea, 31. 

lihodamino, 195, 137, L38, 203, 283, 
231, 302, 303, 310. 

Ricinoleic acid, 103. 

Roocellino, 283. 

Rolf’s discharge, 881. 

Rongalito, 272. 

Rmftniline dyes, 135. 

Rosa nth re ues, 302. 


Ro^-e red dyeings, 233, 302. 

Rodil mordapt, 138. 148, 223. 

Rubine, 231, :302, 309 

Sakplowbr, 209. 

! Saf rani nes, 135, 260. 302, 303. 
i St. Denir red, 201. 

! Salicino black, 300. 
j blue, 235. 
red, 226. 
yellow, 231. 

Salt formation, 187. 

in dyeing, 139-201. 

Salzburg black, 223. ^ 
vitriol, 2 ,,,, 

Sample dyeing, 304, 310, 311. 
Sandars, 234. 

Santal, 234. 

San tal- woo* 1 ; 2J0, 213. 

Scarlet, 130, 23 1 ,' 230 

Lasting fastness of, 217. 

Sell lieper and Hainn, glucost method, 
358. 

method of dyeing Turkey-red, 
240. 

Scouring process in cochineal dyeing, 

220 . 

silk, 111-113, 114, 115. 

Seed hairs, 13. 

Semi-fast blue, 234. 
scarlet, 217, 218. 

Senegal gum for thickening, 347. 
Sericin, 46. 

i Shading, 131, 134, 215. 

, Shearing cottons, 334. 

| woollen goods, 401. 

\ Sheep’s wool, 53 60. 
i Shoddy, G8. 

i“ Shot” effects, 304, 308, ;;09. 

| Silk, 1,37 5i 

application of acid dve-stuffs to, 
133 134. ” f 

I of basic dye-stuffs to, 197. 

| of direct dyes to, 208. 

I »>f mordant dyes to, 226. 

_ of oleic acid to, 172. 

| £ of tannic v aeid to, 167- 1 68. 

; artificial, 2, 8-1 ‘ 

black dyeing, 227. 

I bleaching, 79, 82, 85, 87, 1 1 1-115. 
j ' hyssus, 52. 

; chemical composition of, 46. 

properties of, 47. 

; commerce of, 42. 

conditioning, of, 72. 
j dyeing, 209, 288, 289. 

j fibre, production of, 44. 
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Silk fibre, structure of, 37, 41. 
Flodbtte, 45. « 

goods, finishing of, 401. 
tfiisffirical account of, 4'J. 
loading. 157, 167, lfirt. 
lustring, 1H. 
manu facture, 40. • 

nlfwanting, 138. 
oxidation hlack on, 209. 
physical properties of, 43^ 
printing, 380. 
scouring, 1 1 1 - lid, 1 15. 
tests for, 37. • 

Tu hsu r, 51. 
vegetable, 13, 22.** 
w i 1(1^9. 
wHty, 66. 

working up waste, 1 1 . 
worm breed 
m v o^lO. 

• worms, wild, 50, 51 . 

Silk-finfth calender, 390. 

Silvalin, 2. 

Singlebath black, 224. 

• aniline black, 270. 
blue. 225. 


dyeing, 212-217. 

Slag wool, 2. 

Sliver dyeing, 278. 
jointing, 887. 

Soap, iu application to dyes, T»3, 21 K). 

« ^nonopol, 171. 

S-.aj^ng printed goods. 306. 

Soda spotting, 61. 

stains in carbonising. 132. 

\at., 2.y, 251. 

Sodium aluyunate, 14<*». 
bichromate, 151. 
bisulphatc for carbonising wool, 
131. 


bisulphite for bleaching, 8H. 
clitoratof 341. • 

Vd rosy lpl 11 te, s9-9 1 . 
hypxjilorite, HI, N2. 
hyposulphite, 190. 
nitrate, 203. mm 

peroxide foj^W caching, m. 
phosphate, ^01. 

'staunate, W r >5, 158, 205, 278. 
Alphoricinate, 109. # 

Softening, 389, 390. 

• agents in dressings, 390. 
Solidogen, 207. • 

Souring, 98, 108, ^58. 

•Spindles for cop-dfeing, 28G. 
Spunglaas, 1. I 
Starffpiug designs on cottons, 39J. 


Stannic cblorfle, 115, 156. 

Staiyious chloride# 155. 157, 197, 31 8» 
St^fbirkcuing. 311-340. 
dressings, 389. 
m *t*oluhle^3S9. 

Steam cbr*>mc \?llw, 357. 
col our*. "^455, 358. 
d\es, 319. 

orange cbt>nn\ 357. * 

Steaming printed* good*, 362 -9.0 4, 
3 S 5. 

I'u rkcv- red. 2 19. 
wnolli-n goods. 102. 

Steeping cotton, 96. 

Steiner process of d\emg • ottoif^37. 

•• SCn-U.’’ .vj. • 

SulwtantiM* d\es, HO. See also 
I ‘w et dyes. 

Smut, in ivoi.', 6 1. 

SuUd|oi)£myy no, 2i >7 . 
*^uipnonoc>anme, 2t>7, 2*.^, 295. 
Sulpliuin? dj|*H, 207 
orange, 291. 
yellow, 290. 

Sulphur d\ cs, 1H), 31)7. 

application uf, to cotton, 214 '* 17. 
blacks, 301, 308. 
blue, JfVn. 302. 
orange, 30l. 

Sulphur dve .stulTftj .11 calico-printing 1 
357 

# discharging, 374. 

reserving; 380. • 

. Sulphuric add as cifrborn-ing agent, 
129. 

; test for vegetable hhles, 34. 

1 Sulpbutous iwid for bleacnmg, HO-HH, 

; Sumach, 101, 213, 236, 369. • 

' TAiiniiAlhlack, 200. 

| Tamil; acid, application to cotton, 
102-107. 

to silkf 107, 108. 

! in Turkey-red dycing^^#. 

mordants, 1 00 1(»8. # 

! 'Fannin discharge stylo, 371. 

! dyes, orange, 1401. 

• • reserve with, 3H0. 

Tartar etaetic bath, if >.3-1 05, 304 . 
Tartrazine, 290, 290, 309. 

IVgethoflf blue, 295. % 

Testing black, 209. 
scarlet, 217. 

Tests, distinguishing for various 
• fibres, 33 35, 09-72. 
fastness, 317-320. 

. Green’s table, 314-316. 
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Tliiazolo vellow, ilDl, 3^0, 301. Turkey-red, lake, 234. 

Thibet wool, 67. ♦ . oil, 168-111. 

T; ’evening agents m calico-pf- r ,Jjfoj, . for fixing mordant 8^170. 

344^ , ~ | Tussah ortufcsur silk, 51. " • 

Tiiios and liering prcpssof bleaching i bleaching and scouring, 115. 

cotton, 04. * i Two^olour effects, 300. 

TJhics and Hcrzig, fulf bleach for 


cotton, 100-103. 

'I'kiiot^avincs, 201, 2W,«M00, 301, 371. 
Thiogenu blue, 3i/2. # 
brown, 303. 
cyanine, 302. 
holiotrojip, 303. 
purple, 302, 303. 

‘red, 302. 
violet, 3i/3. 
yellow, 3()L. f 

iOioindigo red, 248, 201, 205, 302, 
350. 

disehiuging, 37 1. r— 
reservn g, 3H0. 

Thiono blue, 302. i 

Tbio-orange, 301. 

Till dyeing machine, 273. 

Tin acetate, 158. 
discharge, 
hydroxide, 158. 
mordants, 155-153. 
ojalatq, 15H 
paste, 153. f 
salt, 155. f 

solutions, 158. r 
stains, 218. 
sulphocvanihc, 15*3. 

Titan ro>o-/vd, 201. 

Titanic aciJ, B l34. 

Toluono orange, 301. ( 

Toluylsuo brown, 303. 
diamine, 204. 
orange, 201, 301. * 

Topping printing", 382, 383. 
wjfcli aniline black, 207. 

■ with basic dyes, f 205. 
witiy.ogwood, 272. 
with methylene blue; J 270. 

L *" with methyl violet, 260. 
with rhodaminc, 218. 
with sumach, 258. 4 % 

Tournant oil, 103, 235. c 
Tragacauth for thickening, 347. 
Tramo Noir Souffle Persau, 220. 
Trona rod, 201, -->03. 
tu rkoy- led, 232. 

colours in competition with, 
240. 

\ discharge st\ le, 374. 
dyeing, 232-240, 301. 


Ultiumauink in dressings, <,<M. 
Urimyfor washing wool, 116. 

Vanadium for aniline black, 266. 

solution for calico printing, 351 
Vats, 243.250. 

ammonia, 251. 
bastard, 2V/. 
blur, 201, 206. 

discharging, 372, 3< ,4*874. 
reserve under, 379. 
contin^A^^O. 

(b'.ing, 248, 2?Jir 1 ^ 4 

dyes, application of, in calico 
printing, 3.>8, 860, 
to cotton, 256-250. 
to wool, 247 256. 
dye-stuffs, 180. e 

liNdrosulphite, 253-256. 
indigopbenol, 250. 
soda, 252. 
vitriol, 250. 
woad, 240-251. 
zinc, 256. 

Yrgetahio fibres, 3. 

distinguishing tests for, 33-^7. 
silk, 13, 22. 

Vermilion, 873. 

Vesuvine, 300. f 

Victoria blues, 280, 205. f 
rubine, 203. 
scarlet, 292. 
violet, 214, 215, 280. 

Vicuna, 67. 1 
Vigourcux printing, 387'. 
Violanthreno, 302. 

Violet dyeings, 289, 206, 30 
Viscose, 7, 383. i f 

B«\ 11. 

Vitriol vat, 250. 

Vivier process of sii.v manufacture, 
10 . 

r 

NVakps, printing, 3*s7. 

Washing machine for cotton, 08. 
r wool, 118-121. 
process of woql, 118-123. 
textile fibres, 1 73 76. 
wool, 115. 

woollen piece-goods, 123. 
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Washing woollen yarn, 122. 

Water Akue, 309, 860. « 
baldness of, 74-76. 

•pumying, 76, 77. • 

Watered effects, 399. 
Waterproofing fgcnts, 89i. 

Whit e dop ing. 123. • 

WildW, 41*. 

Woad vtU, 249-251 . 

Wood blue, 294. 
drab, 

Wool, 52-68. 

acids, action nf^pn, 65, 00. 
adsorptive power of, 05. 
alkalis, e ff oc t of, fin, 61. 
andj|lk dyeing, 309. 

.ahftjSeal ion of acid dye-stuff; 
189 192. 

of basic to, I 

i 

of mordant dyo-stufTs 
• 210-217, 259. 

behaviour towards reagents, 
bleaching, 82, 85, 87, 88, 115. 
carnal, 07, 08. 

carbonising, 124-120, 129-132. 
chemical composition of. 02. 
chlorine, cffivt of, on, 00. 
classification of, 55. 

Election of, 54. 
commerce of, 51-50. 
^(imposition of fleece, 50. 
nditiomng, 72. 
dyeing black, 298. 
blue, 291. 

Ito-deaux, 293. 
brown, 297. 
driio, 290. 
g*reen, 290. 
orange, 291. 
red, 291. * 

rosotred, 293. 
vio.'et, 290. 

with cochineal, 217-220. 
vfth logwood, 220, 298. 


Wool, dvemjf witlif ndigo, 217-250. 
1 \ el low ,.‘2^*0. 

p0fT>:t. 

reco\.*nfuf, 121, ( 

joal, 07. * * 

•grease,” 110.% 


-* grease, m 
green, 7*0, :*,i 
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historical account of, 51. 

I une, cflc.t of. mi, 05. 
mordant iug.^35 187. 
physical properties, til. 
print ing, 3.s3-'W6. 
structure of, 50 01 . % 
siibst itutos, (>8-72 
test lyg, 09 7 2. 
sumt, 0.j. 

fs to, tanners , 51. 

Thibet , 07. 

95- washing, 115-12 1. 

\Vat|Uci^||^iN, bleaching, 8|. 
Tii i s 1 1 i n^VlO 1 - 405. » 

piecc-g<%tds, vat dyeing, 25-. 
t » | . washing, 129. 

yam washing. 122. 
Worsteds, dyeing, 278, 299. 
finishing, 105. 

Xvi o UN, 2. 

Va UN IMUNTINo.'JW. 

VaniH, briglileidAff dyed, 217. 


dyeing, X 

full lye iffcach for, 405. 

Yellow dyeings, 290?30l. 

Yolk in wool, 03. 

ZamhkA black, 303. 
blu\ 201. 
pura blue, 302. 

Zinc ioifce^Jorido test for vegetable 
fibres, 34^ • 
mordants, 1.5). 
nitrate, 870. 
polyglycosate, 198. 
vat, 251. 
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